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No. 3.—PumpiIne ENGINEs. 

For the supply of a pressing human necessity, for agricultural uses 
and other conveniences, from the various sources furnished by nature 
simply, or by nature and art, the mechanical skill of mankind has 
been called into use, in hydraulic machinery, simple or complex, from 
the days of the Genesis, 

The various devices for raising water from running streams, ponds, 
lakes, wells, or cisterns, which have been in common use, transmitted 
from one generation to another, and placed on record by faithful ob- 
servers, are studies of no ordinary interest and value. The single and 
double buckets worked by a simple cord or by a pulley, by band or by 
animals; the various forms of the wheel and axle, and windlass; the 
primitive well-swape, which, in the new world as in the old, yet lifts 
the “*moss-covered bucket,” dripping with benedictions to the way- 
worn and thirsty; the varieties of ancient noriw; the chain pumps 
after their kind; the wooden and metallic hand pumps of numerous 
class :—these, with bellows pumps, persian-wheels, scoop-wheels, flash- 
Wheels, rocking gutters, inclined screws, all the classes of centrifugal, 
rotary, and reciprocating pumps, et id omne genus, have well deserved 

Vou. XLIV.— Tarp Senizs.—No. 5.—Novemser, 1862. 25 


¢ 


4 
Ot 
: 
att 
4 
pas te 
‘ 
wa 
4 
ioe 
6 
: 
| 
| 
} | 
| wird 
56 | 
| 4 


age 
a 
a 
> 
FY 
Ag 
Fi 
a 
j 
a 
+ 
* 
fs 
wr 
2 
ay 
"ak 
| 
4 
We 
q if 
by 
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the elaborate attention paid them, by the scholars of past ages and by 
those of the present in the field of modern and antiquarian research. 

While the romance of life has had adequate development beside the 
crystal wells and bubbling fountains, as the sacred writings and lite- 
rary productions in our libraries abundantly show, the scientific litera- 
ture of the present and past also shows, and especially in foreign 
tongues, with what care the difficult study of hydraulic engineering 
has. been pursued, from distant ages. In the Italian, German, and 
French schools, the writings and records of such men as V itruvius, 
Archimedes, Michellotti, Venturoli, Fischer, Eytelwein, Belidor, Du- 
buat, De Prony, D’Aubuisson, and their numerous contemporaries 
illustrate a profound appreciation of this most important department 
of research, which also pervades the more modern school of science. 

So far, then, as certain fundamental laws and doctrines in hydro- 
dynamics have been discovered and defined, as linked with the princi- 

ples of natural science, the student of the present day may well feel 
as if much had been accomplished for him in this laborious field, and 
may take it for granted, amid all the pretentional flashes of new theo- 
ries, that nature cannot but vindicate herself; and these clearly de- 
fined mechanical principles, which have come down to us with the 
sanction of authoritative age, like the doctrines of an exalted religious 
faith, may properly be valued and accepted as safe and infallible 
guides, which have borne the test of continuous trial. 

Ignorance, however, and perverseness, have the same effect in me- 
chanical matters as in religious, and each generation attempts within its 
limited period of action, in some directions, to controvert the accumu- 
lated testimony of all its predecessors, in those cases where it is wil- 
ful, or neglects this testimony in those cases where it is careless. 
Hence, the common exhibition of endless repetitions of fallible expe- 
riments, the constant re-invention of time-lost machines, the constant 
debates, pro and con, over long established principles, and the la- 
mentable hindrances to system: atic progress, because age is denied its 
prerogative of experience, and skepticism stumbles over the fallacy of 
personal re-invention and re-research. 

Beside the effect of this absence of mechanical faith, the rapid pro- 
gress in perfection of machinery, and the demand for increase in me- 
chanical power, has had a strong tendency to throw into the shade the 
doctrines as well as the machines of past days; and while we must 
claim the universality and infallibility of principle, the correct appli- 
cation of principles to the new motors of the age may admit consider- 
able discussion, and open the way to considerable misapprehension. 

And it is in this particular that the engineering student finds him- 
self at a loss, in the applications of hydraulic motors to the prominent 
uses and wants of the present day, as distinguished from the more 
simple machines we have briefly noticed. To investigate the several 
classes of pumping engines, with their numerous subdivisions, now in 
use, for mining and water works purposes, and to determine the most 
valuable, involves no little research. 

While then it is plain that the records of the past are exceedingly 
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valuable on the score of doctrinal science, and by this we understand 
a science built upon correct experiment and observation in connexion 
with established general laws, it is much to be regretted that our re- 
cords of actual results, as developments of doctrine, should be so mea- 
gre and imperfect. Too much of an engineer’s life is spent in a round 
of experiments, probably made numberless times before, or being made 
by others, because no adequate records have been placed within his 
reach. The want of proper communications of this kind is severely felt, 
and a dignified profession falls short of the rank of a science, because 
it is oral and traditional, rather than liberal and established, from the 
neglect of its own members, who carry their acquirements into their 
individual graves, and are buried with a miserliness which robs the 
generation of their treasures. The —- disposition to more sys- 
tematic publication is one of the good signs of the present day. 

Another source of trouble arises from the fact, that too many of our 
book-makers, and particularly of the English school, are not engineers 
in practice, but mere collaborateurs, who get their information chiefly 
by asking questions—not being qualified to sift truth from error, who 
copy largely, and have no professional esprit. Of a large portion of 
the text books, treatises, and other works extant, how many authors 
are there entitled to rank as civil engineers. Like the institutions in 
fashionable vogue, which assume to graduate boys under age with a 
professional title, they are but blind leaders of the blind. But evils of 
this class and several others arise from the neglect of thorough-bred 
civil engineers to form themselves in an institution of mutual alliance, 
which we need not pause here to advocate. 

The most casual glance at the state of pumping engine practice, at 
present, illustrates the general need of a more definite and systematic 
method. Engines of the most varied form and motion are not only to 
be found in different localities, but may sometimes be noticed in the 
same engine-house. In the city of Philadelphia, which has three dis- 
tinct steam pumping supplies, three varieties of engines are at work 
in one house, two in another, and on the opposite side of the river are 
two more, different in class from either. In every direction, this class 
of construction seems to be treated as a matter of experiment, and the 
most extravagant outlays are sometimes made, with disastrous re- 
sults; while the general standard of performance is unsatisfactory. It 
is plain that there is much need of a better order of things in this di- 
rection, and that the laws which govern pumping results with unalter- 
able force, deserve a closer study and a more intelligent adoption ; and 
it is equally plain that the present neglect of correct engineering over- 
sight in construction is a fault to be remedied. 

It is with the hope, therefore, that a reference to certain leading 
principles germain to this subject, which have been illustrated and 
confirmed by years of experimental observation, may be of service, 
that these papers are written. 

(Feneral Analysis.—The question which interests us here is not con- 
fined to capacity for pumping, although capacity is important in its 


place. In those excursions about the country, which are frequently 
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seen, of commissioners who propose to decide questions of construction 
for themselves, while they frankly admit their ignorance of hydraulics, 
an engine at work is judged by its apparent power, its compactness 
of form, its paint and bright-work, and the energy of its advocates, 
and possibly its first cost. But the engineer understands, that while 
very rude and cheap engines may be forced up to a large delivery, or 
while engines may be tastefully decorated and finished, the true stand- 
ard of judgment passes at once to those perfections in general design 
and separate detail, by which annual economy in service and durabili- 
ty may be best attained. It is a question of design, workmanship, and 
coal combustion, as well as of water delivery; a question of relative 
duty at the steam-piston, of losses by friction and otherwise, and of 
harmonious action with the column of water under motion. 

These are not the standards by which pumping engines are often 
built ; if they were, the curious multiplication of specimens around us 
would not exist. Other standards are admitted, and private interest, 
or political patronage, or culpable ignorance, or ‘much speaking,” 
variously combined, influence boards of administration at the expense 
of their constituents. Instead of entrusting a matter of this kind to 
competent engineers, who will devise and adapt plans to the local re- 
quirements without sacrifice of principle, the pernicious practice is 
often adopted of advertising for plans, from which the board itself as- 
sumes the prerogative of judgment, however crude or contradictory 
the results. The adoption of au engine becomes a lobby matter ; facts 
are falsified, reports and testimonies suppressed, and the result is ne- 
cessarily injurious. It is mainly on this account that, however expen- 
sive our water works machinery and engine houses, and however well 
appointed, the standard of annual “ duty” with us, falls far below that 
of the half-enclosed, massive, and rude engines of the coal mines across 
the ocean; not from want of outlay, or defective strength and finish, 
but from want of judgment in design and adaptation, and from neglect 
of the lessons of experience. 

A pumping engine is to be considered in three divisions, which cor- 
respond with the usual division of its engine house into the pump 
room, the engine room, and the boiler room. In this problem of en- 
gine construction and performance before us, the pumps and main, 
the engine, and the boilers, although working in direct combination, 
are to an important extent independent in action, developing special 
principles under distinct operation, which affect the total result. And 
these principles cannot be neglected or perverted without injurious 
influence of one part on the other. These divisions may be noticed in 
this order: 

PUMPS AND MAINS. 

In water works and mining practice we find the class of suction and 
force lift pumps in general use, with various modifications of arrange- 
ment, as to pistons, “buckets, plungers, valves, and other parts, as we 
also find various forms of mains in use. 

There is a class of auxiliary steam pumps used for boiler feed, fire 
engines, building purposes, excavations under water, &c., where ease 
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of transportation, cheapness, compactness, and other special qualities 
influence their adoption, and where durability, appearance, and econo- 
my of use, are less important than in larger engines. These need not 
be more particularly enumerated, since they are controlled by the 
same principles which govern the others, and are valuable for their 
special departments only. And our reference, under the present di- 
vision, to the larger pumps, after a notice of the rotary class, will 
be directed to the general features of valves, suction, force lift, and 
mains. 

Rotary Pumps.—The successive improvements which may be traced 
through the class of water wheels as chief motors in transmitting 
power, in which the modern turbines are conspicuous, have also sug- 
gested a reverse action, by which the wheels and turbines are changed 
into pumps, of which many different patterns are now and have long 
been in use, operating as suction and force lift pumps. 

The laws of maximum useful effect, which have been very fully and 
clearly demonstrated for water wheels, as types, apply to their re- 
versed patterns, as to the form and arrangement of the blades, expe- 
riment having demonstrated a large increase of the discharge with a 
change from ordinary radial to properly curved arms, without increase 
of power. The following abstract of an experiment by Col. Morin, 
made at the Great London Exhibition, illustrates this point :— 


> - 


| | 

Revolutions Gals. raised Height | Useful | 

} 


orm. | 
Form per minute. per minute.| raised. | Effect. 


Curved Vanes (Appold’s), 792 1164 18 ft. 8in. 
788 1236 +680 
Inclined (15°), | 694 560 394 
690 736 434 
Radial, 624 | 369 
720 474 | 9243 


With the best form of pump which can be devised, useful effect is 
controlled by velocity and lift, and the value of this motor is confined 
to low lifts under excessive speeds. Experiments made on Appold’s 
centrifugal pump show a progressive per centage of work done, under 
a lift of 5-5 feet, with a 12-inch pump, of 21-2 per cent. for 375 revo- 
lutions, 50-1 for 400, 71-9 for 495, an increase to 607 revolutions 
giving 69-2 per cent. To raise water 67-66 feet, required a speed of 
1322 revolutions; and within their special range of application, 70 
per cent. useful effect is all that can be claimed for the best motors of 
this class. 

The laws of form, however, have been much overlooked in those in 
ordinary use, radial blades being common in practice. For bailing 
large quantities of water from foundations in excavation, where the 
supply carries much sand and gravel, for wrecking pumps, and like 
uses, the facility with which dirt, gravel, grain, Ke., are passed 
through these pumps is a strong point in their favor, while they have 
no claim to merit on the ground of economy in power. 
25° 
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About ten years ago, some of our scientific journals were agitated 
by a discussion of the merits of a new theory of centrifugal power, 
which proposed to regenerate the mechanical world, and overthrow 
the antiquated notion that a machine could not transmit more power 
than was imparted to it. It was claimed to be demonstrated at the 
end of much printing, and was admitted by some of our puzzled sa- 
vans, that by certain mechanical adjustments an increase of velocity 
might generate a force of 175,824 foot-pounds from a power of 42,480, 
and twice the velocity would yield 695,206 foot-pounds for 84,960, 
But like all wonderful discoveries of the kind, which seem to lead a 
comet-ary life, it has vanished in silence from the horizon of mecha- 
nical science, to return no more, and to be numbered among the stame 
and cloud engines, caloric steamers, water gasometers, full steam cylin- 
ders, and other celebrities of the passing hour. 

From the pertinacity with which some of our engine builders have 
urged the necessity of an equable motion in pumping, which we shall 
notice more particularly under another head, we have been somewhat 
surprised to see so much neglect shown to the rotary pump, which ac- 
complishes their desideratum in the most perfect manner, and the fact 
of such neglect must be taken as a strong arguinent against the relia- 
bility and economy of this motor. 

Pump Valves.—Among the more prominent kinds of foot and de- 
livery valves used in pumping, are the * butterfly,’’ “clack,” and 
** double-beat” varieties. The first are made of leather or metal, gene- 

rally the latter, opening with two wings, on either side of the bucket 
or plate to which they are attached. In heavy lifts, and in all cases 
where the water column is apt to be disturbed, they are objectionable 
from their manner of seating. In the Cornish mines, leather clacks, 
sometimes divided into separate openings, are considered in some re- 
spects preferable, on account of the effect of mineral water on cast 
iron valves, and a better cushion in seating; a valve of this kind in 
common use, is arranged so as to lift its “hinges a short distance, 
giving a wider opening; but the double-beat valve has undoubtedly 
proved of great service in relieving the effects of concussion, and in 
reducing friction in mine work. This valve, which is so arranged with 
an upper and lower seat as to offer a minimum resistance to its lift, 
with a maximum outlet when unseated, is being generally adopted in 
water works engines, and fulfils its purpose admirably. The Brooklyn 
engine is working two of 54 inches opening, and two of 36 inches, 
under a lift equivalent to about 170 feet, and an enormous water de- 
livery. The smaller valves play on the pump rods, and have wood 
seats, vulcanized rubber seats, first used, being found unreliable; the 
buckets are packed with lignum-vite, which has several advantages 
over leather or metallic rings. 

A valve has been introduced i in the engine of the Hull water works, 
England, which contains in 22 inches diameter, and in the form of a 
pyramid, 56 small circular cells, of about 2-inch opening, in each of 
which a gutta-percha ball is held, with a certain play. This arrange- 
ment aims at a free delivery, with light valves, which can be easily 
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replaced. Various forms of gratings have been adopted, with small 
india-rubber flaps, but in cases of heavy work they are not found 
durable. 

For small pumps and moderate lifts, the use of ‘conical seat,” 
“butterfly,” “* clack,” or other light valves is admissible ; but in heavy 
work it is important that the valves should give the largest possible 
channel of delivery, should open freely, should seat accurately, and 
be heavy enough to work down near the seat before the return stroke 
occurs. This feature of a pump deserves great care in arrangement, 
and exerts an important influence on the engine, and is more fully at- 
tained with the “‘double-beat” than any other valve. All valves 
should be protected from accident on account of interception by chips 
or other foreign substances, by carefully flooring the pump wells, and 
placing copper Wire screens on the entrances, at such distance from 
the pumps as will obviate additional friction in supply. Flooring a 
well is also of service in preventing the effects of evaporation in the 
engine room on the bright-work. Those who are curious to see the 
operation of an umbrella over an engine, will find one in the engine 
house of the New York Navy Yard, the idea being original with one 
of the retired Commodores, and therefore not patentable. 

Suction Lift.—It is customary to locate pumps rather with regard 
to convenience of position or of foundation, than any special attention 
to their action on the lower lift. It is considered a matter of little 
consequence what their relative level to the well may be, the prefer- 
ence being generally expressed for a short lift; but there are certain 
conditions of location, in all cases where location is not absolutely 
controlled, which seems to reverse the correctness of this general prac- 
tice in illustrating an ancient and overlooked doctrine. 

The Torrigellian theory, which is an established doctrine of natu- 
ral philosophy, has demonstrated that if a vacuam be found in a tube 
connected with a body of water, by virtue of atmospheric pressure, 
the water will rise to such height as corresponds with its specific gra- 
vity and a certain barometric state of the atmosphere, which height 
is limited, in certain latitudes, to 55:1 feet, and is usually assumed at 
33°8 feet, or an equivalent pressure of 14-7 pounds per square inch. 

It is evident that if the base of such a tube is closed by a cock, and 
the vacuum is made with an air pump, that the difference in atmos- 
pheriec pressure in a height of 33-8 feet is so slight in practice, we may 
assert that it costs precisely the same mechanical work to produce 
this vacuum, either at the base, the middle, or the top of the tube. If 
the cock be opened, the tube is immediately filled, and the greatest 
load which can be shown in it by an indicator or vacuum gauge can- 
not exceed 14-7 pounds per square inch. It is certain that this load 
will be represented at the upper level of the water; if the atmosphe- 
ric pressure on the water surface of the well is the same, plus only 
the difference due to 33-8 feet of its height of some forty miles, it is 
evident that the same gauge will show the same load at the base of 
the tube. 

If, in consequence of rarefaction of the air contained in the water, 
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or imperfections of the air pump or tube, the vacuum is imperfect, the 
column of water will rise to a less height because the external pres- 
sure is in part balanced; but in this case, the gauge will indicate the 
difference in load whatever may be its position on the tube at the top, 
the middle, or the foot, and for the reason that the column of water 
is in equilibrie at each point of its elevation with the atmospheric co- 
lumn which sustains it. The equilibrium would be instantly changed 
if the lower valve of the tube were closed and the upper part opened 
to the atmosphere ; in that case the atmospheric pressure would ba- 
lance itself on the gauge, and at the middle or foot of the water col- 
umn it would show a plus pressure, equivalent to the relative height 
of water above its piston; but so long as the tube is in vacuo, the 
minus pressure will be the same at any point of its height. 

If we take the case of a piston moving in such a tube with an open 
top, packed air tight, and starting from the water surface, the water 
will follow it to a height of about 33:8 feet, and the load on the pis- 
ton can in no case exceed 14:7 pounds per square inch, which will be 
its load at the maximum height. Now, if we reverse the analysis, we 
find that if by any influence of dynamic laws, such a piston in motion 
creates a perfect vacuum at any point below 33-8 feet, it is perform- 
ing a certain amount of work in excess of the balance of the atmo- 
spheric column, and is wasting power in proportion to its travel under 
such vacuum. 

All suction pistons work against an atmospheric load equivalent to 
the perfectness of their vacuum, and are supplied by a column of wa- 
ter lifted by an external, independent, counterbalancing force. If it 
should appear, then, that the vacuum to be produced by pumping ac- 
tion may be very seriously independent of the height of a pump, the 
question of location becomes important in the matter of economical 
work, and it is essential to make the universal, superincumbent, atmo- 
spheric load as useful as possible within its preseribed limits. The 
whole argument of the Torricellian theory is in favor of high lifts. 

On the other hand, the theory of present practice asserts, that in 
all lift and force pumps, the piston bears a load equal to its area, and 
the weight of a column of water as high as the difference of level be- 
tween the surface of the well and the point of delivery, without spe- 
cial regard to the relative beight of the suction column. 

We hold, then, that an important theoretical distinction is to be 
made between the upper and lower sides of any lift and force piston, 
in view of this law. The superincumbent load is represented by the 
pressure of the atmosphere, the friction of valves, piston, and water 
column, and the inertia of the latter, while the condition below the 
piston is represented by the perfection of the vacuum produced. The 
vena-contracta of the tube, valve friction, and inertia of the suction 
coluwn, affect its relative height and velocity of influx, and are to be 
specially referred to the external atmospheric pressure which over- 
comes them in its effort to equilibriate the controlling vacuum. Strict- 
ly speaking, the mechanical work of such a piston is determined by 
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its upper load entirely, if we include in it that part of the atmosphe- 
ric load, unbalanced by the imperfections of the vacuum beneath it. 

The mechanical effort of the atmosphere brought into action by the 
pump, and measured by the pump vacuum, is exerted in overeoming 
the inertia of a body of water, at each stroke, equivalent to the pis- 
ton area and travel, and the attendant frictions of supply. To the 
effects of such friction in loss of head, are to be added such losses or 
counterbalances as occur from leaking joints, rarefaction of air in the 
water column, barometric oscillations, and otherwise ; we have also to 
make the stroke within the limit of height controlled by these losses, 
so that the maximum lift cannot in practice be carried up to the theo- 
retical level; but the effects of this dynamic action, as we propose to 
show, not only contravene the received theory of action, but evidently 
justify a change of practice in certain cases. 

All such pumps in established action work in more or less solid wa- 
ter, and should not of course be started at speed until properly charged 
above and below; precautions to this effect are always taken by care- 
ful engineers; and therefore, so far as water supply is concerned, with 
any full tube, and with a reasonable margin for the deductions of 
height we have noticed, there is no more danger of loss of charge at 
one lift than at another. This is not a serious contingency in any case 
of proper arrangement and workmanship. 

To illustrate this question, reference is made to 

Plate I. of Suction Pump Cards annexed, in which three pumping 
engines are represented, two of which are single-acting, and one-dou- 
ble acting, with different speeds and lifts. 

The first card is taken from a plunger pump under a head of 3:5 
feet, when the plunger commences its lift; but instead of showing an 
equivalent load, the indicator opens with a vacuum of over 3 pounds, 
which in the first foot travel increases to 6-25 pounds, the average 
load of the stroke being 4-25 pounds, equivalent to 9-77 feet, although 
the actual average lift is hut 3 feet above the well. In this case the 
plunger diameter is 30 inches, the suction valves, double-beat, 43 and 
39 inches diameter, and the actual speed 94-5 feet per minute. 

The second card is also from a plunger pump which rests 8°15 feet 
above its well. Here the indicator opens with a load of 8 lbs., equi- 
valent to 18-4 feet, which increases in the first foot to 10.5 Ibs., and 
continues with an equivalent lift of 24:84 feet up to the seventh foot 
of the travel, The average lift is 21-48 feet, the actual average lift 
being 13-61. In this case the plunger is 34:75 inches diameter, with 
a double-beat valve in the same barrel, and a speed of 64-3 feet per 
minute. 

In the third card, taken from a double-acting pump, the piston com- 
mences its lift with a load of 7-5 pounds, equivalent to 17-25 feet, the 
actual lift being 10°58. Before the first foot is traveled the load in- 
creases to 9 pounds, or 20-7 feet ; the average load is 7-62 pounds or 
17-52 feet, the actual average being 15°51 feet. In this case the diam- 
eter is 36 inches, fed by double-beat valves of 36 and 54 inches, the 
speed being 105-6 feet. The relative daily delivery of the engines of 
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the second and third cards, was 3,287,860 and 14,418,641 gallons, un- 
der total heights of 158°83 and 160 feet, through tubes of the same 
diameter. 

In the first card the conditions of free delivery to the plunger bar- 
rel are exceedingly favorable, since there is a head of 3°5 feet, and 
there are very large suction valves, with a short passage from the 
forebay ; yet, as we see, to start the column and maintain its flow, 
required an initial load of 14°37 feet in addition to that of the head, 
or about 16°37 feet at the first foot of travel. It was necessary, in 
other words, to create a vacuum to this extent, under the special con- 
ditions of work, and the inference is, that the entire extra lift thus 
exerted below the plunger, is lost in useful effect to the engine, which 
has to repeat it on the forcing stroke. 

In the second card we see that to effect the stroke supply, required 
a maximum load of 24°84 feet, as distinct from the actual average lift 
of 13°61 feet. Here is then a second proof that the pump is badly 
located. 

In the third card the maximum lift is 20°17 feet, the actual aver- 
age being 15°51 feet; and the lesson taught in general is, the unques- 
tionable advantage of a high suction lift, when we remember that the 
forcing lift is dependent on the relative level of the pump to the dis- 
charge. 

This inference is correct on the basis that the indicator when at- 
tached to a tube in vacuo, represents correctly the atmospheric effort 
to meet the demand of the plunger or piston, whatever its relative po- 
sition to such piston. It will be seen, however, by reference to pub- 
lished reports of pumping experiments, that the vacuum gauge is ge- 
nerally treated as if under the same conditions as a pressure gauge. 
At Philadelphia the card was modified by a deduction of 5 feet, equi- 
valent to the water load and its level above the water, and at Belle- 
ville, the relative depth of the vacuum gauge below the force-main 
gauge, was credited to the pump. If the experts were correct, it is 
still evident that the nearer the suction piston can be carried to the 
level of maximum atmospheric balance, since the maximum load is 
fixed at about 33°8 feet, the better. 

Another consideration flowing from a very plain law is important 
in suction tubes. It will be noticed in these cards, as in all other cor- 
rect pump cards, in like principle, if not in the same degree, that the 
common theory of relative load is reversed, since the maximum is en- 
countered at or near the commencement of the stroke, when the plun- 
ger is lowest, and the minimum at the point where the plunger is 
highest. In the first card the final load is 4 pounds, in the second card 
3°8 pounds, and in the third card 3 pounds, less than the maximum 
initial load, instead of being regularly increased with increased lift. 
This is the effect of the vis viva of the suction column, which increases 
in power from the moment in which the initial atmospheric impetus 
overcomes its inertia; and the curves in the line traced by the indi- 
cator pencil, show the oscillations of this column, as affected by difl- 


= 
at 
| 
| 
| 
| 
| 
3 
* 2 
} 
+ | 
| 
| 
| 
| 
| 
¢ 
4 
* 
4 id 
4 


ws 


Hydraulic Engineering—Pumping Engines. 299 


culty or velocity of influx, and the promptness with which the initial 
effort is relieved. 

This furnishes a second demonstration of the doctrine that the me- 
chanical work of the piston is controlled chiefly by other conditions 
than that of relative level above the well, viz: by the freedom of in- 
flux to the pump chamber, and the dynamic movement of the column 
started by the pump. 

It is plain, then, that the maximum useful effect of the suction side 
of the pump piston, is determined by the greatest elevation above the 
well consistent with the allowances due to barometric oscillations and 
imperfections of mechanism, and that the character and operation of 
delivery valves, form and length of supply tube, and speed of piston, 
are of great consequence to such effect. And it is also plain that the 
most judicious arrangement of appurtenances may be vitiated by an in- 
judicious location of the pump. 

In the single-acting engines noticed, as in all others of their special 
class, the steam-stroke of the engine makes the plunger lift, the re- 
turn stroke being made under the pressure of a counterweight. Con- 
sequently the suction valve must be closed when the return stroke be- 
gins, and the vis viva of its column counteracted. Velocity cards, we 
have taken from the Philadelphia engine, show a relative speed of the 
ascent 18 per cent., hark 12 per cent., descent 70 per cent. of the en- 
tire double-stroke ; at Belleville the descent was about half the speed 
of the ascent ; but the speed is in neither case unfavorable to proper 
action; in the first card the influx evidently anticipates the action of 
the bucket. Here all the benefit of the vis viva of the column, at the 
instant when the valve closes on it, is not only lost, but it tends to 
increase the initial load on the return stroke by the force exerted to 
close it before the delivery valve opens to the main. 

But in the case of the Brooklyn engine, which is double-acting, and 
in which the upper and lower pumps alternately relieve each other, 
this effect is not lost, since the line of motion is not counteracted, and 
the benefit is important as to the initial lift of the succeeding stroke 
and as to the loss of action of the pump. The relative variations in 
load are less than in the other cards, and were much improved in 
smoothness of action by subsequent improvements to the engine, 
which will be noticed under their proper head, and appear in the dot- 
ted line marked Jan. 13th, 1860, a fact which is remarkable, when 
the enormous difference in amount of water pumped in a given time is 
considered. 

It may also be observed, that since the atmospheric effort, to meet 
a vacuum produced by the abrupt motion of a piston, is retarded by 
all the causes which obstruct a flow of water in tubes, and a loss of 
mechanical effect occurs in this ratio, all contracted tubes, abrupt 
bends, imperfect valves, and the like, are to be avoided, with all coun- 
teractions in line of flow. 

The general conclusion we present is this: that inasmuch as the 
vacuum produced in practice by pump motion is always in excess of 
the static load of an hydraulic column equivalent to its piston level, 
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and inasmuch as the limit to this vacuum is fixed, the greatest mecha- 
nical effect in suction will be realized by the highest upper centre of 
piston stroke, consistent with perfection of workmanship and arrange- 
ment, and that the conditions of action are different on different sides 
of any suction and force lift piston, and are independent of the rela- 
tive height above the well to a greater extent than is commonly as- 
sumed, 

Among other practical illustrations, which might be adduced on this 
point if space permitted, the relative locations of engine condensers, 
as to their supply wells, in stationary engines, and as irrelevant to 
the perfection of their vacuum, will be sufficiently familiar and sug- 
gestive, 

(To be Continued.) 


Strain on Arches and Suspension Chains. 
From the London Artizan, Augnst, 1862. 
(Continued from page 243.) 

In the foregoing sections of this treatise, we have given means of 
reducing the various strains to which structures are subject to direct 
strains, either in tension or compression. 

In the present section we purpose investigating the resistance of 
materials to the various strains, and affording the co-efficients of stress, 
for the various descriptions of strain. 

That strain which tends to shear or cut the materials transversely, 
has not yet been treated of, because of its extreme simplicity; thus it 
is evident, that the greatest shearing strain on a girder is that pro- 
duced by the re-action of the supports, and the least shearing strain 
is at the point of the maximum horizontal strain, where it is nothing, 
and from which it increases to the maximum, in direct ratio to the 
distance from the point of greatest horizontal strain; let w represent 
the load per lineal foot on a girder, and let it be required to find the 
shearing strain at a point distant x feet from the point of greatest ho- 
rizontal strain; then, if 

$ = the shearing strain, 

sS=we. 
The resistance to torsion or twisting is called unit operation, in all 
kinds of shafts for driving machinery, in drills, boring bars, &c. 

Friction adds something to the resistance of riveted plates ; but as 
this kind of efficiency may vary very considerably according to cir- 
cumstances, and is also liable to deterioration, we shall not lay down 
any rules for estimating it. The co-efficients of safety will supply in- 
formation as regards the stress which may be safely applied in prac- 
tice. 

Resistance to Tearing.—If a cylindrical or prismatic bar, whose 
sectional area is a, is subject to a pull whose resultant acts along the 
axis of the bar, and whose amount is W, the intensity of the strain, or 


the strain per unit of section willbe = = The first effect of this 
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stress is to produce an extension of the bar, and if this extension does 
not exceed the limit of elasticity, the bar will recover its original form 
and size when the load w is removed; if the elongation proceeds be- 
yond the limit of elasticity, a permanent set is produced and the 
strength of the material is deteriorated; and lastly, rupture of the 
bar is effected, the weight which produces it is termed the breaking 
weight, and is usually taken at per square inch of sectional area. 

A sudden pull on a bar produces twice the strain that the same 
weight will effect when applied gradually, as the work performed by 


the constant force 5 acting through a given space, is the same with 
the work performed through the same space by a force increasing at 
a uniform rate, from 0 to w. 

Tensile resistance is also that which vessels subject to interior pres- 
sure oppose, such as water pipes, boilers, &c. ; the formula previously 
given will apply to water pipes and other cylindrical vessels. 

Let s=tensile strain per sectional square inch. 

r =radius internal. 
p=internal pressure per square inch. 
t = thickness of the material in inches. 
* 
Then, 


For spherical vessels we have, if 


w = total force. 
A= sectional area. 


a = 3°14159, Ke. 
W=par, A=2art 
Ww pr 
re hence spherical vessels are twice 
as strong as cylindrical ones. 

The last equation will also give the longitudinal strain upon a 
cylindrical vessel; but as this is only half the circumferential strain, 
it is not taken into consideration in practice. It may be here observed 
that a sphere is the form best suited to resist internal pressure, as it 
has a maximum content, with a minimum surface, and if other forms 
are used it is found necessary to stay them internally with tie bars ; 
cylindrical boilers only require the ends to be stayed, but square boil- 
ers require staying in all directions, and even then are not safe for 
very high pressures. 

Resistance to Crushing.—We shall obtain the intensity of crushing 
stress by the same formula as is used for the tensile stress. The re- 
sistance to compression is exactly similar to that for tension, so long 
as the results of bending or buckling are not produced, and the for- 
mula for tensile strains will apply to compressive strains, in the ab- 
sence of these results; thus the formule given may be applied to cast 

Vou. XLIV.—Tuirp Series.—No. 5.—Novemser, 1862. 26 
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iron columns, whose lengths are small compared with their diameters; 
also to cast iron pipes, condensers, air pumps, &c., subject to external 
pressure, but they do not hold good for less rigid materials, such as 
wrought iron. 

The resistance to compression which is offered in bridge girders, Kc., 
may be considered as unaffected by bending, Xc., provided that they 
are well braced and of a rigid form. 

We shall now proceed to consider the resistances opposed to com- 
pressive strains by long columns, and by their tubes. 

Resistance of Pillars to Crushing.—Columns usually break, not by 
the direct crushing force, but by bending, which subjects them to 
strains similar to those produced by transverse stress, and generally 
rupture commences by fragments splitting off from the compressed 
side of the column. 

Very short columns break by an oblique shearing action, or the 
sliding of one part over another, and occasionally two cones or wedges 
are formed which, being forced together, split and drive outwards the 
parts surrounding them. 

We now proceed to the case where crushing takes place by bending. 


Let w =the load acting on a long pillar or strut. 
A =its sectional area. 


Then one part of the intensity of the greatest stress-is p’—~ , where 
A 


p’ equals the stress per sectional unit. 

Another part of the greatest stress is that which arises from lateral 
bending, and which will occur in that direction in which the pillar is 
most feasible, that is to say, in the direction of its last diameter, if the 
diameters are unequal. 

Let d be that diameter, d, the diameter at right angles to it; let / 
be the length of the pillar, and v be the greatest deflection. 

Then the moment of flexure = wv, the greatest stress produced by 
that moment is directly as the moment and inversely as the breadth 

wv 
and square of the thickness, if, p’’ = ¢ X Ta where ¢ is a constant 
1 
to be determined by experiment. 

But the greatest deflection consistent with safety, is directly as the 
square of the length, and inversely as the thickness, and d, d? is pro- 
portional to the sectional area s, and to the thickness d,; consequently 
2 


and the whole intensity of the greatest stress on the material being 
made equal to a co-eflicient of strength f, is expressed by the equa- 
tion— 
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and the strength of the pillar is expressed by 


v=- 


A pillar rounded at both ends is of the same strength as a pillar of 
the same diameter, and twice the length; therefore, for this column, 
we have 


fs 


v= 


1+4e 

A pillar fixed at one end and rounded at the other, is a mean be- 
tween the strengths of two similar pillars—one fixed at both ends and 
the other rounded at both ends. The following are the values of ¢ and 
f, computed by Mr. Gordon, from Mr. Hodgkinson’s experiments on 
‘pillars with flat capitals and bases. These values give the ultimate 
strength of the pillar. 

ibs. per inch. c 

1 

1 
400 


We will now consider Mr. Hodgkinson’s formule, which being de- 
duced from actual experiment, are, perhaps, the most valuable. The 
“ord of the experiments are :— 

. That in all long pillars of the same dimensions, the resistance 
to r acture by fle -xure is about three times greater when the ends of 
the pills wv are flat than when the *y are round, 

The strength of a pillar with one end round and one flat is an 
arithmetical mean, between the strengths of pillars with both ends 
flat, and rounded. Thus, of three cylindrical pillars, all of the same 
length and diameter ; the first having flat ends, the second one end 
flat, and one round, and the third with both ends round, the strengths 
are ne arly as 3, 2, and 1. 

The strength of a pillar is increased about one-eighth by enlarg- 
ng, = ies diameter in the middle. 

4. The index of the power of the diameter, to which the strength 
of long pillars of cast iron with rounded ends is proportional, is 3-76 
and 3°55 in those with flat ends ; or the strength of both may be taken 
as ee the 3:6 power of the diameter. 

. The strength of cast iron pillars is inversely proportional to the 
1-7 i yer of the length. Thus the strength of a solid pillar of that 


d 38 
material varies as, : where d represents the diameter, and / the 
1.7 


Wrought iron, 36,000 


Cast iron, * . 80,000 


length of the column. If d is in inches, and / in feet, for columns 
with flat ends. 
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3-6 
Strength in tons = 44°16 x ry 


For columns with rounded ends, 
Strength in tons = 14:9 x oe 
jut 
For hollow columns, of which 
D = external, and 
For those with flat ends, . 


d= internal diameter, 


p 
Strength in tons = 44:3 x ——-— 
For those with round ends, 
p 36_q36 
Strength in tons = 13 X — 


Strength of Short Flexible Pillars.—The above formule apply to 
all pillars whose length exceeds thirty times the diameter ; for pillars 
shorter than this it will be necessary to modify the formula, since in 
these shorter pillars the breaking weight is a considerable proportion 
of that necessary to crush the pillar. 


When the pressure necessary to break the pillar is very small, on 


account of the greatness of its length compared with its lateral dimen- 
sions, then the strength of the whole transverse section will be employ- 
ed to resist flexure; when the breaking weight is half what is required 
to crush the material, one-half the strength may be considered as 
available for resistance to flexure; when the breaking weight is half 
what is required to crush the material, one-half the strength may be 
considered as available for resistance to flexure, the other. half being 
employed to resist crushing; and, when, through shortness of the pil 
lar, the breaking weight is very ‘nearly equal to the crushing force, 
we may consider that no part of the strength is applied to resist 
flexure. 

We may separate these effects by taking in imagination from the 
pillar by reducing its breadth as much as would support the pressure, 
and consider the remainder as resistance flexure to the degree indi- 
cated by the previous rules. 

Let ¢ be the force that would crush the pillar without pressure; d 
the pressure which would break it by flexure alone; 4 the breaking 
weight as calculated for long pillars; y the real breaking weight. 

If we suppose a part of the pillar equal what would be crushed by 
the pressure d, taken away, we have e—d=crushing weight of the 
remaining part, and y—d the weight actually laid upon it, whence 


ws the part of this remaining portion which has to resist crush- 


e—d 
ing, the part to sustain flexure. 
But the strength of the pillar, if rectangular, may be supposed to 
be reduced by reducing either the breadth of the computed strength, 
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to the degree indicated by the last fraction. In circular pillars this 
mode is not strictly applicable, but we obtain a near approximation 
to the breaking weight y, by reducing the calculated breaking weight 
c in that proportion. 


Whence 6 x ——* y, the strength of a short flexible pillar d, be- 
ing that of along one, ..be —by=ey—dy, 


be 

In columns whose length is less than thirty times their diameter, 
with flat ends, there was noticed a falling off of strength due probably 
to incipient crushing, and the weight which produced this incipient 
crushing was about a quarter of the crushing weight. It is, therefore, 
assumed, that the greatest load to which a column may be subject, 
without injury by crushing, is a quarter the crushing weight, when 
the length of that column is about thirty times the diameter. 

We shall have therefore d = } in the preceding formula, whence in 
east iron of the kind used in the experiments (Low Moor, No. 3), 


The experiments on the absolute crushing strength of iron from 
which to determine the value of ¢, gave as the mean strength of one 
syuare inch section, 109,801 lbs. = 49-018 tons. 


On some recently executed Deep Wells and Borings. By Gronrce R. 
C.E., F.G.8., F.S.A. Read before the Society of Arts. 
From the Civ. Eng. and Arch. Jour., March, 1862. 

(Continued from p. 229). 


Some interesting artesian wells and borings have also been executed 
in various parts of England and of the continent, to a few of which I 
propose to return hereafter, but in the meantime I pass to the descrip- 
tion of the great work lately completed at Passy, as being the one 
which has attracted the most universal attention. When the great 
works of the Bois de Boulogne were commenced, it was soon discover- 
ed that the pumps of Chaillot would not be able to furnish the quan- 
tity of water required for the lakes and waterfalls of the new park ; 
and the municipal council of Paris, encouraged no doubt by the com- 
mercial results of the previous operation at Grenelle (which had even- 
tually cost the sum of £14,000, and repaid its cost several times over), 
resolved to execute a second boring to the lower green sand, in order 
to secure an independent supply. It was originally proposed to exe- 
cute this well of the same dimensions as that at Grenelle, that is to 
say, to finish with an eight inch bore; but before it was commenced, 
M. Kind, a German engineer (who had already carried out some very 
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important works upon a system, and by the aid of tools patented by 
himself) offered to contract for the new well, to finish with a bore of 2 
feet in diameter, and to deliver the water at 92 feet above the level of 
the ground, at the rate of nearly 3,000,000 gallons per day. He un- 
dertook to complete the work for the sum of £14,000 within the space 
of two years. After some opposition, based principally on the doubts 
expressed by engineers who had been consulted on the subject, with 
respect to the increased delivery over that of the well of Grenelle, this 
offer of M. Kind’s was accepted, and on the 23d December, 1854, the 
vote of the municipal council in favor of the contract with him was 
passed, The work was commenced shortly afterwards, and by the 31st 
of May, 1857, the boring had already reached the depth of 1732 feet 
from the surface, when suddenly the upper portion of the tube lining 
collapsed, at a distance of about 100 feet from the surface, and choked 
up the bore hole. This accident delayed the completion of the work 
for three years, and led to the rescinding of the contract with M. 
Kind ; but the engineers of the city of Paris were so satisfied with his 
zeal and ability, that they entrusted to him the conduct of the remain- 
ing works. A new well was sunk to a depth of 175 feet 4 ins., and 
the boring was then cleaned out and resumed. Much trouble was en- 
countered in traversing the strata below the distance of 1752 feet 
above quoted, and at length, at the distance of about 1894 feet from 
the surface, the first water-bearing stratum was met with, but the wa- 
ter, after several oscillations, did not rise to the level of the ground. 
The boring was continued below this level, until, on the 24th of Sep- 
tember, 1861, at midday, at the depth of 1923 feet 8 inches, the true 
artesian spring was tapped. When this spring rose to the surface it 
discharged at the rate of 5,582,000 gallons per day. The yield has 
since then oscillated, but so long as the column had not been raised 
above the level of the ground, the total quantity does not seem to 
have fallen short of 4,465,600 gallons. The well of Grenelle (which 
by the way had been falling off in its yield for some time before the 
completion of the Passy boring, no doubt en account of some obstrue- 
tion in its ascensional tube, but which for several days before the 24th 
Sept. discharged regularly 200,000 gallons per day,) fell in about 30 
hours after the Passy spring had been tapped, to a yield of about 
173,000 gallons, at which rate it remained stationary, until the tube 
of the Passy boring was raised so as to allow the water to stand at the 
same height in the two wells, when the original rate of delivery of the 
Grenelle well was resumed, but the rate of delivery of the Passy well 
fell to 2,000,000 gallons per day. It is intended eventually to cause 
the column of water of Passy to rise to a height of 1977 feet above 
the bottom of the boring, or about 54 feet above the surface of the 
ground. The horizontal distance of the Passy well from the one at 
Grenelle is about 3830 yards; and it will be observed that the water- 
bearing stratum is nearly 100 feet nearer the mean level of the sea at 
Grenelle than it is at Passy, whilst the surface of the ground is about 
35 feet higher at the latter locality than it is at the former one. 
Unquestionably the effect produced upon the respective sources of 
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supply, by the alteration in the heights of the columns of water, proves 
that the wells of Passy and of Grenelle are fed from the same stratum ; 
and there can be no reason, therefore, to suppose that when the Passy 
spring shall have cleared its water passages there should be any dif- 
ference in the qualities of the waters at the two places. M. Peligot 
has carefully analyzed the Grenelle waters, and he found that they 
contained 0-000142 of saline matters, composed principally of the car- 
bonates of potash, lime, and magnesia, associated with a compound of 
sulphur and of soda of variable proportions and conditions, and with 
the carbonate of the protoxide of iron and silica. The salts of the sul- 
phate of lime, or of the more permanently insoluble description, are 
absent, and it would appear that the gases diffused through the water 
are of considerable volume, the carbonic acid gas being one of the 
most so. There is a sensible evolution of sulphuretted hydrogen from 
both the wells of Passy and of Grenelle, and it is worthy of remark 
that the same gas is given off from the water in Mr. Gatehouse’s well 
at Chichester, though in the latter instance the smell is sufficiently 
strong to render the water positively repulsive. At the present day 
the water at Passy is still foul, on account of the matters it brings up 
in suspension; but as in the case of the Grenelle well, this inconve- 
nience will no doubt soon disappear. ‘The temperature at which it 
reaches the surface is identical in the two wells, and is about 82° 
Fahrenheit. 

It may be worth while to call attention to the mechanical means 
adopted by M. Kind in sinking a boring of the large diameter of 2 ft. 
4 ins. to the enormous depth of nearly 2000 feet from the surface. 
The work was commenced by a shaft, as usually is the case, and after 
it had been sunk to a depth of about 50 feet the boring commenced, 
and was continued with as nearly as possible the same diameter to the 
bottom. M. Kind employed for this purpose what may be called rods 
with releasing joints, very closely resembling the joints introduced by 
(Euyenhausen, which allowed the cutting portion of the tool to be 
raised a certain height and then to be released automatically; this ar- 
rangement was adopted in order to avoid the lashing of the sides of 
the bore by the long rods, and to regulate the force of the blow. The 
cutting tool used by M. Kind also differed from the tools generally 
employed, for it consisted of a single or a double trepan, according to 
the nature of the ground, instead of the ordinary chisels and augers. 
A patent was taken out for these tools by M. Kind in 1854, the spe- 
cification of which contains a series of engravings of the various mo- 
difications proposed for the various kinds of rock; in the Annuare 
Scientifique for 1861 illustrations will also be found of the ordinary 
trepans and of the slide joints. M. Kind is able, by these combina- 
tions, to strike as many as twenty blows in a minute with the greatest 
regularity at a depth of 2000 feet. The patent of 1854 specifies also 
certain methods of lining the sides of the borings ; but it must be con- 
fessed that they do not seem to me to possess any great merit, and 
indeed M. Kind had more difficulties to encounter at Passy from the 
collapsing of his tubes than from any other cause. It is a common 
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error of well-borers to undervalue the effort exerted by clays swelling 
when charged with water; and the great delays encountered in sink. 
ing the Passy well were precisely caused by the false economy intro- 
duced in the execution of the tube linings. The time actually employed 
in sinking the Passy well was nearly “th re same as that employ ed at 
Grenelle; in the former instance it was 6 years and 275 days, in the 
latter it was 7 years and 90 days. The cost of the Grenelle well, as 
above stated, was £14,000; that of the well at Passy was £40,000; 
but it must be observed that the quantity of water, delivered at the 
same height in the two cases, is ten times greater at Passy than it is 
at Grenelle; the rates of delivery are, in fact, nearly in the direct 
ratio of the diameters. 

I have not been able to learn whether the artesian wells of Elbeeuf 
and of Rouen have been affected by the completion of the new well at 
Passy, and at present I am inclined to believe that they may escape 
this action, on account of their proximity to the entering ground of 
the lower green sands, on the western margin of the cretaceous basin, 
At Tours, "however. so many wells have late ly been sunk (in an early 
edition of M. Degoussé’s excellent “ Guide du Sondeur,” that gentle- 
man mentions that he himself had executed no less than 16 of them), 
that the subterranean supply is becoming exhausted, and, as in the 
case of the wells supplied by the basement beds of the London clay, 
the lower green sand wells are gradually losing their artesian charac- 
ter. In two wells also, at Evres and Ferriéres, the subcretaceous form- 
ations yielded no water: and in the latter the bore was even carried 
to a depth of thirty feet in the great oolitic, or Jura limestone series, 
without obtaining a supply. I call especial attention to this fact, be- 
cause it illustrates again the uncertainty at all times overshadowing 
the execution of the first deep wells in a particular district, and that 
the stratum which yields water in one locality is likely to be unable to 
do so in another. The enterprising gentlemen who are engaged at the 
Hastings well should bear this fact in mind; and though I believe that 
after they shall have traversed the lower members of the Wealden se- 
ries, they are more than likely to find the upper or Portland oolite, 
which is of sufficient water-bearing power to insure them a good sup- 
ply of water, they must also be prepared for disappointment. ‘The 
Hastings well is already 553 feet deep, still in the Hastings beds, and 
as these have never yet been traversed, it is impossible to say whether 
they will be found to be seven or seventeen hundred feet thick. Most 
probably the former guess will be found to be the more correct, be- 
cause the town of Hastings is situated at a low horizon in the series of 
Weald beds; but all operations of this description at Hastings must 
for the present be conducted in doubt as to the ultimate result, how- 
ever strong may be the hopes of success. The character of the strata 
already traversed and of those likely to be met with at Hastings, leads 
me to believe that M. Kind’s processes would be particularly applica- 
ble there, but the success of such an operation would still be a mere 
matter of speculation, such as ought to be left to private enterprise. 

I dwell a little on this point, because the Board of Guardians of 
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Brighton are engaged upon a similar experiment, at a place called the 
Warren Farm, near that town. It is not my place to criticize the mode 
of execution adopted in carrying on this work, but I cannot refrain 
from saying that there are many things about it which seem to me to 
be in opposition to the opinions now entertained by scientific engineers ; 
and 1 gravely suspect that, even if water from the subcretaceous form- 
ations should be obtained at this well, it cannot by any possible chance 
rise near the surface, which, at the Warren Farm, is not less than 410 
feet above the mean tide level. It is inexplicable to me also, that this 
well should be continued by means of a shaft at the great depth al- 
ready reached, instead of by means of boring; and I regret bitterly 
to see an experiment, which has been carried on hitherto with so much 
spirit, compromised by what I consider the mistaken course latterly 
adopted. At Brighton, nevertheless, the only chance of securing a 
supply in the parts of the chalk basin lying beyond the influence of 
the faults or “‘ cross throws,”’ which have, for instance, enabled the 
Water Works Company to obtain, as is said, one million gallons per 
day, is to penetrate the chalk to the lower green sand. Notwithstand- 
ing the cost of the previous experimental borings in the surrounding 
counties, I am convinced that the cheapest manner of effecting this 
object would have been to have bored, rather than to have sunk a 
shaft, and even now the Guardians would do wisely to adopt this 
course, especially as theirs is really the first experimental shaft or 
boring on the east bank of the Arun. It is, however, a sad peculiarity 
of the municipal bodies of England, that they are always disposed to 
listen to those whom it is the fashion to call “ practical,’ in contra- 
distinction to “‘scientific’’ men, as though the mere fact of working 
“by rule of thumb’’ gave men truer insights into the laws of nature 
than long study and careful observation. At Brighton this seems em- 
phatically to have been the case, and in a report addressed to, and 
received by, the Board of Guardians, the opinions of three practical 
well-borers are quoted as to the probable cost of continuing the well 
at Warren Farm, but no opinion seems to have been asked from such 
men as Mr. Hawksley, Mr. Mylne, or Mr. Homersham, who have 
brought great experience and deep study to bear on the hydrographi- 
cal conditions of this district on other occasions. It is one of the 
fashionable theories of the day that a scientific education incapacitates 
aman for the exercise of a profession, and that the most able men in 
any branch of art or science are those who have not been brought up 
to pursue it. Under these circumstances it may not be surprising, how- 
ever unfortunate it may be, to find empiricism preferred to science, or 
that the Brighton Guardians should avoid taking the opinions of really 
eminent engineers. 

In stating, in the previous part of this paper, that I should return 
to the question of the abnormal beds met with at Highgate, I had 
especially before my mind’s eye the case of the well sunk under my 
own orders at Warnham Court, near Horsham; and at Red Hill, by 
my friend Mr. Doewra. In the former case, the boring, after it had 
been carried through the sandstones, clays, and shales of the upper 
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Wealden deposits, passed at a depth of 142 feet from the surface into 
a bed of red clay and sandstone intermixed. At first, I believed, from 
the external characters of the materials, that they were of the same 
nature as the beds found at the bottom of the Kentish Town well, and 3 
I was supported in this opinion by several distinguished geologists to 
whom I showed the samples. As the Kentish ‘Town beds were, at the 
time I refer to (about five years since), universally considered to be 
members of the new red sandstone series, of course I regarded the 
Warnham bed as one of the same range. But Mr. Doewra, at Red 
Hill, after he had traversed the sands and loams of the subcretaceous 
series to a depth of 438 feet, passed into a bed composed of red clays 
and particles of red sandstone, which were identical with the Warn- 
ham beds, and with some members of the Wealden series. It seems, 
therefore, to me to be very probable that the Kentish Town beds may 
be members of the Wealden series, but the solution of this question 
has simply a geological interest, for alike, the Weald clays and the 
new red sandstone clays, are without water; and, under these cir- 
cumstances, the wisest course to be adopted was to stop the further 
progress of the works in all such cases as Warnham and Red Hill, 
unless they were carried on distinctly as philosophical experiments, : 

The well at Rugby, though it has proved to be, no doubt, a source 
of annoyance and disappointment, may eventually turn out to be of 
importance to the commercial interests of the locality. It was com- 
menced with the hope of finding in the new red sandstone series under 
the lias, some water-bearing strata which might be able to furnish a 
supply to compensate for the deficiency under which the town of Rug- 
by was suffering, after it had been put to the expense of carrying out 
the absurd crotchet of the so-called ** gathering grounds” system. A 
boring has here been carried down to a great depth in the new red 
sandstones of the triassic group, which, at Liverpool and Birkenhead 
for instance, frequently supply large quantities of water. At Rugby, 
however, the boring at present has only yielded a brackish water, and 


‘ eyo. 1 I suspect that now all hopes of securing the result desired by the 
4. eee Local Board of Health by this well must be abandoned, unless the 
Board determine upon tubing the bore-hole throughout its length, and 
a) Ree upon continuing to sink to a much greater depth. It is possible that, 
7.) es within a moderate distance from the bottom of the present well, 
stronger brine springs than those now brought to the surface may be 
to Shee found, which it would be possible to evaporate economically for the 
Mh eee wt) > purpose of salt making; but a very careful comparison between the 
r nes a ra strata of this locality, and of those near Derby or Droitwich, would be 
‘eee required before any decided opinions could be formed as to the proba- 
| as ia bility of finding soft water within a reasonable distance from the sur- 
Gee face at Rugby. 
eo eS ee The well at Great Yarmouth, executed by Sir E. Lacon & Co., 
of interest, on account of its showing the great depth attained 
2 ee ay tertiary strata on the east of England; but, unfortunately for the spi- 
a. Sethe rited proprietors, the results, so far as water supply is concerned, have 
Tees 4S been ‘ negative.” The depth of the tertiaries here was found to be 
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527 feet, and the first 170 feet of this thickness were composed of re- 
cent estuarine and blown sand, deposits of very recent formation. At 
Norwich, the Messrs. Colman are steadily pursuing an experimental 
poring, which has already passed through the chalk to a depth of 
1158 feet, the upper green sand to a depth of 8 feet, and the gault to 
a depth of 30 feet; the works have been suspended i in this formation 
on psy of some accident to the machinery, but when this shall 
have been repaired they will, no doubt, be resumed. It m: iy be neces- 

sary to descend 150 feet lower before reaching the water- bear ing stra- 
tum, but the comparative success of Mr. Lankester Webb's well, at 
Stowmarket, affords good reason to hope that Messrs. Colman’s perse- 
verance will ultimately be rewarded. I do not anticipate, however, 
that the water will overflow the surface, because the lower green sand 
is traversed by one of the affluents of the Ouse, near Downham Mar- 
ket, at a comparatively low level. 

In a paper which I had the honor of reading in this room last year, 
I alluded to the very successful borings m: ide by the Kent Water 
Works Company, in the Ravensbourne V alley, and this eve ning | am 
enabled to lay before you a section showing the strata they traversed. 
One reason for my doing so is, because I have heard that some parties 
propose, as I said in the opening paragraph of this paper, to sink ar- 
tesian wells near London for the supply of the metropolis ; and I think 
it desirable to state for their guidance, that unless they meet with the 
peculiar conditions of the faults of the Ravensbourne Valley, they are 
not likely to obtain a large supply of water from the chalk on the 
north side of the Thames, whilst there is no chance whatever of their 
finding water below the chalk. There are, no doubt, copious and beau- 
tiful springs given off from the head valley of the ‘Les and the Coln, 
both of which rise in, and are fed by, the chalk; but those springs 
may, in almost all cases, be shown to be connected with some geologi- 
cal disturbance of the strata: and the only locality near London where 
there seems to me to be any chance of obtaining a large quantity of 
water from the chalk, would be on the left bank (or the west) of the 
river Lea, somewhat to the north-east of Stratford, because there is 
about that district a line of disturbance in the chalk parallel to the 
great fault which brings to the surface the springs lately tapped near 
New Cross, and those of Grays in Essex. 

Finally it must be evident to any one who reads attentively the re- 
cords of the success and of the failure of the attempts above mention- 
ed, that the execution of artesian wells is an operation which should 
only be entrusted to skilful and well-tried men, acquainted with the 
theory and practice of this art. No such work should be commenced 
without a careful preliminary survey of the geological and hydrogra- 
phical conditions of the country extending over a very wide range. 
This is seldom done, because pub lie bodies, s, in England at least, do 
not seem to object to pay for engineers’ blunders and miscalculations, 
but they do object to pay for their study; and it is at once assumed 
that because artesian wells have succeeded in one case they must 
succeed in all. But even when the greatest amount of skill and sci- 
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ence have been brought to bear on the preliminary investigations for 
the establishment of an artesian well, it is impossible to predict with 
any certainty what the result of sinking a shaft or a boring may be in 
a stratum hitherto untried. Moreover, every artesian source of supply 
is limited in amount, and even in the case of the Paris basin, it would 
be desirable to watch the effects of the increased draft upon the lower 
green sand during a dry summer, especially before commencing, as 
has been proposed, the execution of a large number of wells like those 
of Passy and of Grenelle. 

The student who may desire to obtain a complete view of the sub- 
ject thus briefly referred to, would do well to consult the works of 
Messrs. Prestwich, Mylne, Clutterbuck, Homersham, Degoussée, Bu- 
rat, Hericart de Thury, Garnier, &c., the Transactions of the Institu- 
tion of Civil Engineers, the Comptes Rendus of the Académie des 
Sciences, and of Les Ingénieurs Civils of France. I am myself under 
great obligations to Messrs. Hawksley, Lockwood, Wells, Chamber- 
lain, Doewra, Prestwich, Morris, Snyder, and others, for the sections 
and information so liberally supplied to me. 

I may here add, that in the number of La Presse Scientifique, for 
Jan. 16 of this year, I find a notice of a well lately sunk at Colum- 
bus, Ohio, U. S., which is not less than 2575 feet deep. The thermo- 
meter (on the system invented by Mr. Walferdin) registered a tempe- 
rature of 88°; this would seem to show that the law of the increase of 
temperature is rather slower in Ohio than it is near Paris. No parti- 
culars are, however, given of this important boring. 


The Economie Construction of Girders. 
From the Lond. Civ. Eng. and Arch. Journal, July, 1862. 
(Continued from page 239.) 

Girders of great Spans.—It was our intention to have given in the 
present paper some general account of the principles to be employed 
in investigating the economic merits of girders of spans so great that 
most of their strength is absorbed in supporting their own weights; 
and we naturally chose the Conway Tubular Girder Bridge as an ex- 
isting example with which to compare the results for other methods of 
construction; for as that bridge has only one large span, the calcu- 
lations were free from the complications which continuity over the 
piers would introduce, and Mr. Edwin Clark’s descriptive work afford- 
ed us that complete insight into its construction so necessary for our 
purpose. 

But a careful examination of the stresses acting on the material of 
the Conway tubes has led us to the conclusion, that these stresses are 
far in excess of what has on every hand been considered judicious. 
In no case has it ever been thought prudent to place the material of 
a bridge under a greater stress than one-third of that which would 
break it; but the result we have arrived at in the case of the Conway 
tube is, that were it loaded at the rate of one ton per foot run, in ad- 
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dition to the bare weight of the tube itself, and at the same time sub- 
jected to the effects of a wind-storm equivalent to a force of 30 pounds 
on the superficial foot; then, taking the most favorable view of the 
action of the parts, the stress per inch would be fully one-half of that 
which would cause rupture. 

Impressed with the importance of the subject, and, with a view also 
to urging the adoption of a means of partially remedying this unsatis- 
factory proportion of the stresses, we make the strength of the Con- 
way tubes the subject of our present paper ; postponing to our next the 
more general treatment of the subject of girders of great spans. 


THE STRESSES ON THE CONWAY BRIDGE TUBES, 


We take the standard work of Mr. Edwin Clark as our text-book 
in treating on this subject; and although the results of our own cal- 
culations differ widely from his, and we are constrained to point out 
some errors into which he has unaccountably fallen—unless it be from 
the difficulties in the way of revision of such investigations and hurry 
for the press—we beg to record our high appreciation of his work 
generally, and our admiration for the spirit in which it for the most 
part is written, and for the great amount of valuable practical informa- 
tion, and the important original views and investigations which it con- 
tains. 

We shall, in the first place, point out what we consider the sources 
of error in Mr. Clark’s two principal calculations of the strength of 


the Conway tubes. Next, we will give our own investigations of the 
stresses thereon, exclusive of the effects of wind-pressure. Third, we 
shall point out what amount of light the large experimental girder is 
capable of throwing upon the subject. Fourth, we shall treat of the 
additional stresses resulting from the lateral action of the wind—omit- 
ted in all the previous calculations; and, fifth, conclude with sugges- 
tions for strengthening the tubes. 


1. Mr. Clark’s Calculations of the Strength of the Conway Tubes. 
—As both the calculations which Mr. Clark gives (see pages 748 and 
754 of his work) employ a constant derived from the experiments made 
upon the large model girder of 75 feet span, it will be best in the first 
place to inquire into the nature of this constant. The description of 
the experiments is given at pages 158-189, and the constant, which 
we represent by the letter Q, is thus derived— 


where W is the total distributed, or twice the central breaking weight 
in tons, S =the span, D =the depth for calculation, and a= the see- 
tional area of the bottom in inches; and by this formula in another 
dress, Mr. Clark (187) obtains the values for Qin the following table, 
from the experiments numbered I, III, and IV, or those in which the 
failure took place by the rending of the bottom :— 

XLIV.—Tuirp Serizs.—No. 5.—Novemper, 1862. 27 
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I.—Evperimental Girder, 75 feet span. 


| 


| 
| 
| See. of Bot- 


| Sec. of Top. Sec. of Sides. 
j | tom,or A. 


| 


| Value of a. 
| 


| Experiment [, | 23-4 | Q9or96 | 8-8 19-0 
= Ill, 23-4 Yor 96 | 12:8 20:3 
“ IV, 234 | 9o0r96 | 1931 16-6 

ome 
Average, | | 18-6 


This average value, 18-6 tons, of the constant Q is at page 748 de- 
nominated the “ultimate tensile strain of riveted plates ;” and from 
having been looked upon in this light it has vitiated both calculations ; 
it is, in fact, an expression for the whole tensive action of the section 
referred to the same leverage with which the bottom acts, compared 
with the sectional area a of the bottom; and by heaping on material 
to the sides and top, without altering A, any value may be obtained 
for Q; in fact, this is virtually done in the experiments I and III, in 
which the sides and top ure in excess compared with the bottom. The 
4th experiment, for which Q==16-6, is the only one with an approach 
to the proportions of the Conway tube. But when the sides are made 
unduly thick, as in I and III, the proportionate aid derived from their 
resistance to rupture is increased; and when the top is made unduly 
heavy, as in the same experiments, the position of the neutral axis is 
raised higher, so as to afford a longer leverage to the tensive stresses 
in the sides and bottom: in fact, as we shall have occasion to show, 
the actual stress on the material of the bottom in experiment No. I 
was, when it gave way, /ess per inch than in experiment No. IV. 

There could be no strong objection to employing a constant of the 
nature of Q in the comparison of structures of different dimensions, if 
their cross sections were exactly similar; but even here the last expe- 
riment fails to be altogether applicable to the case of the Conway 
bridge, since the constructions of the bottom differ considerably. 

Mr. Clark’s first calculation of the Conway is analogous to that em- 
ployed in deriving the values of Q in the table; there is therefore no 
material objection, except that just referred to, to be taken to it so 
far as it goes, if the value of Q as derived from experiment No. IV be 
employed—that is, 16-6 instead of 18-6 tons. It is to be regretted, 
however, when a near approach to the best proportion of section was 
attained in the large girder, that then more experiments were not 
made upon it. 

Mr. Clark’s second investigation is of a more elaborate character, 
taking into account the influence of the sides, and made with a view 
to calculating the actual stresses per sectional inch brought upon the 
extreme top and bottom plates by given loadings. Passing over minor 
objections, we are at once arrested by the manner in which the first 
results arrived at are applied—not with a reference to the actual 
strengths of plates as given by the direct experiments recorded at p. 
376, after a proper deduction being made from these for rivet holes— 
but by employing the unfortunate constant Q, derived in such an ob- 
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jectionable manner from the girder experiments, and by a mode of 
treatment that ignores the sides. Had a constant been deduced from 
these experiments by a treatment in accordance with the principles of 
the second investigation, and that constant been employed instead of 
g, little would have remained to object to, except that the difference 
in the constructions of the bottoms would—as we shall afterwards ex- 
plain—have told unfavorably upon the constant so obtained. If, on 
the other hand, we take the average result given for absolute strength 
at page 376, viz: 19°6 tons on the solid inch, and estimate the metal 
lost by rivet holes at only 15 per cent. of the total section, this leaves 
‘85 of solid plate out of every inch of section, and (supposing the 
plates to receive no injury except in the rivet holes, and to act all 
harmoniously together) the absolute strength estimated over the whole 
plate will be=0°85 19°6= 16°66 tons; the correct constant, accord- 
ing to these views, to be used with the primary results of Mr. Clark’s 
second and more complete investigation, instead of the incompatible 
so-called constant 18°6. 

2. Our Calculation of the Stresses on the Conway Tubes.—The sec- 
tional areas at the midspan of the tube as given by Mr. Clark at p. 589 
are, for the top = 645°30, for the sides = 257, for the bottom = 535-65; 
total = 1437°95, 

No details of the calculations of these areas are given, but the plans 
and descriptions afford suffiéient information for making an independent 
estimate, and since the sectional areas we so arrive at differ somewhat 


from those given by Mr. Clark, we add the particulars: 


Estimate of the sectional area of the top of the Conway, including all the attached 
angle irons. Sq. inches. 
A and B plates = 14/9” x 13”. 265°5 
X plates = No. 9 x 21” x }” 141-75 
Strips = No. 16 x 9” x }’ 720 
Angle irons, No. 40, 4} in. sec. 180-0 


Total, 659-25 


Estimate of the sectional area of the sides. 
Two sides, each 21'7" x 4” . = 259°5 

Estimate of the sectional area of the bottom, including all the attached angle irons. 

Sq. inches 

D and E plates = 14’8” x 2” = 352-0 
V plates = No.7xX 21K 4” . = 735 
Angle irons, No. 28, 2-7 in. sec., = 756 
No.4, 45 “ = 18-0 
Two packings P, not continuous, = 0-0 


519-1 


Let us suppose the horizontal plates A, B, D, and E, together with 
their attached angle irons, to become concentrated into the lines pass- 
ing through the centres of their thicknesses, as in diagram 2; let also 
all the X and V. plates be brought together, as also the side plates, 
as in the diagram. Further, let the sides be completed by material 
taken from the angle irons that connect them with the B and D plates, 
so as to make up the length to B D without affecting their combined 
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thickness, which is equal to one inch. Let ¢ be the centre of the depth 
X V between the centres of the cells, and let m be the position of the 
neutral axis. 

The measurements carefully obtained from the plates are :— 

AE= 25°343 feet, B D = 21-698, an =1-813, p E = 1°833, cv or 
CX =11'760. The sectional areas, after making the adjustments, 
indicated above, are—A plates, &c., = 254-25; B plates = 267,375; 
X plates = 141-750; whole of top = 663-375; D plates = 230-80; 
E plates = 213°80; V plates = 73:50; whole of bottom = 518-10; 
whole of sides = 260-38. Then by a sufficiently accurate calculation 
we find the centre of gravity n of the section* to be 1°185 feet above 
the centre ¢; hence we have h,= 13-862, = 11-482; = 12-029, 
= 9-669; 


2 a > ‘ 

—== 10-4384, and = 8:1425. 

hy hy 

Diacram 1, showing the plates, &c., in half of DiaGram 2 
the mid-span section of the Conway Tube. 

x A 
x 
-- E 


We may now deduce a general formula for the moments of the va- 
rious stresses on the parts measured round the neutral axis n. Let us 
deal, in the first instance, with the moments of the parts in a state of 
tension, that is, those below the neutral axis. Let T be used to repre- 
sent the greatest tension per sectional inch on the solid metal of the 
weakest section; or, in other words, on the sections of the extreme 
plates E as above given, but having a deduction made from that sec- 
tion on account of the loss by rivet holes. Let the proportion of solid 
metal to the total area at the weakest section be as e1, so that eT will 
express the tension per square inch as measured over the total section 
without deduction of rivet holes; eT is the tension we have to do with 
in relation to the position of the neutral axis, when the slight influence 

*An interesting question here presents itself as to the effect the rivet holes in the bottom and sides wil! have 
upon the height of the neutral axis. In the text, we follow with regard to the position of the neutral surface, 


the ordinary rule of taking it at the height of the centre of gravity of the section; and though we believe this 
is by the above cause rendered not quite exact, it must be sufficiently so for this and ordinary calculations. 
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of the rivet holes thereon is neglected. The corresponding compres- 
sions per sectional inch at the extreme layers of the material on the 
other side of the axis will be expressed by the letter c, and this will be 


h 
equal to eT. 
4 
For the moments of the parts in tension we have then the following 
formulze :— 


For plates E, area = £, degree of tension =e, leverage = h, ; 
moment Eh,. 


For plates D, area =D, degree of tension =e T =, leverage =, ; 


moment >=eT. D>. 

h 
For Side Plates.—For any horizontal layer of these distant z from 
the neutral axis, and dz thick, the breadth being 1 inch, the area 


=dazh, degree of tension =eT >, leyerage=2; therefore the mo- 


2 
ment =e Tb dz. Integrating this between the limits z=o and 


x=7, we have (noting that the 7 which arises from the summation 

of the thicknesses of the layers must be taken in inches) moment 
=eTh— 12i=—4erTbi.. 
dh h 

For Plates V.—Withont altering the sectional area of these plates, 

we will suppose them to become stretched out to the full extent of Dk, 

the united thicknesses becoming-=t. The moment of any layer dz 


2 
thick, and distant x from the neutral axis, is =eT¢ j dx; integrating 


this between the limits 7, and = h,, we have moment 


12 1 


and putting v=the sectional area, moment = eT V} (0 +t+ 
t 


So that the sum of the moments of the plates, &c., below the neutral 
axis is 
=ef +D 4bi +i+ r) \ 
h, 


And similarly, the moments of the parts above the neutral axis are 


. 
we { G+ EX + \ (3) 
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Applying these formulz to the Conway bridge, with the values given 
above for the various factors, and noting that 6 = i", we have 
Moments of parts | =e 7 (213-8 X 13-862 + 230-8 x 10-4384 + 4 x 

under tension \ 12-029 10-4384 + 73°5 & 12°11) =e 6765-3. 
Moments of parts | (25425 11-482 + 267-375 x 81423 + 4 x 
under compression \ 9-669 8°1423 + 141°75 XK 9-764) = 6790-3, 


h 

But c= eT=O0°8283eT 
4 

Total moment of section = e + 0-8283 X 6790°5)=12390er. 

Now the resulting moments of the loading on half of the span and 

the re-action of the pier must be made equal to this; this moment is 


1 
equal to ws, w being the total distributed weight over the span s, 


and if we take s = 400 feet, this becomes = 50 w; 


Ww 
W=247-8eT, 50 w= 12390 eT, 75 | — 


and c=0-°8283 eT 


We may remark upon the abeve calculation, that it is made favor- 
able to the strength of the bridge; Ist, on account of the full sectional 
area of the angle irons being taken instead of that of their covers, 
which would be the more correct course; 2d, the span S as above is 
the clear span, but the span for calculating the moment of the re-action 
of the pier, &c., should be the distance from the centre of pressure on 
one pier or abutment to the centre of pressure on the other, or proba- 
bly here about 405 feet; 3d, the weight of structure and loading is, of 
course, equally underrated with s; and 4th, the material composing 
the sides has been estimated at the same standard as the bottom, to 
withstand tension; the sides should however be considered inferior, 
both on account of being single riveted, and from the plates composing 
them being placed with the fibre vertically, or at right angles to the 
tensive longitudinal stress. The experiments given at page 377 of Mr. 
Clark’s work show the absolute strength, when the stress is parallel 
to the fibre of the plate, to be about three tons greater than when at 
right angles thereto; but when the sides proper do not descend to the 
lowest part of the girder, their absolute strength is not called forth, 
and it may be that they therefore contribute as much to the support of 
the structure as though of better material and workmanship.t When, 
however, as in the large experimental girder of 75 feet clear span, the 

* We do not put much stress upon the difference in the values we have employed for the sectional areas of 
the parts from those given by Mr. Clark. for the results when his values are used are almost the same. Thus, 
taking the sections in the table at page 589, we find A, = 15°577, = 1777, = 11744, and = 9044; and 


proceeding with the calculation as in the text, with the following values of the parts A = 250, B= 204, 
X = 140, Sides = 260 or 1 inch thick, D = 237, v = 75, and £ = 222, we get these results:— 


w 
w= eT = and = 0°82653 ef, 


enly differing from the results in the text by about one-quarter per cent. 

+ This supposes the elasticity to be the same as for the bottom plates. If we once open up the question of 
using iron of different elasticities, numerous interesting, but complicated. problems present themselves. Good 
results would, for instance, be obtained by choosing and placing the plates so that those with the greatest 
powers of ultimate extension would be situated further from the neutral axis, and those with least elasticity 
nearest to it. 
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sides descend to the bottom, and have therefore their lowest layers 
subjected to the same extremes of tension with the bottom plates, 
their absolute strength and ultimate extensibility become important 
points. If, with the same ultimate extensibilities, the net strength of 
the side plates is inferior to that of the bottom, a deduction should be 
made from the moment expressing their efficiency; and if the ultimate 
extensibility of the side plates be inferior to that of the bottom, rup- 
ture will begin in the sides before the bottom plates give out their 
full strength. In accordance with these views, we do not think it ne- 
cessary to make any deduction from the moments of the Conway sec- 
tion; but when we come to treat of the experimental tube, it will ap- 
pear that some such deduction is required in its case, the effect of which 
will be to slightly augment the ultimate values of e 1, T, and c, deduced 
from the experiments. 


Taste I.—Stresses per sectional inch produced in the extreme top and bottom plates 
of the Conway section, from the action of the load alone (the additional stress from 
the action of the wind not being here included). Calculated by formula (4) ¢ be ing 
taken = 0-85. 


Total distributed load in tons. | ¢ 7 in tons. T in tons. C in tons. 


Tube alone 1112 4488 5 280 3-717 

Tube + 200 1312 6-295 4°386 

Tube + 400 1512 6-102 “178 5-054 

Tube + 600 1712 6-909 2 5 723 

Tube + 800 1912 7716 i 6 391 
We will suppose that the 1112 tons in the above table represent the 
total dead weight of the Conway tube (although it appears to be that 
of the bare girder alone, without allowances for permanent way, plank- 
ing, roof, &c). Then the added weights will represent the movable 
loading: 200 tons may be taken as an actual daily test, 400 tons is 
the ordinary estimate of the heaviest possible load, 600 tons the same 
when the factor of safety for the movable load is taken equal to 1} 
times that for the dead weight; 800 tons represent the same load- 
ing when the factor of safety for a movable load is taken double that 
for the fixed load—as at page of Prof. Rankin’s Ciwil Engineering. 

(To be Continued.) 


MECHANICS, PHYSICS, AND CHEMISTRY. 


The Properties of Tron, and its Resistance to Projectiles at High Velo- 
cities. By WM. Farrpatrn, F.R.S. Read before the Royal Institute. 
From the Lond. Civ. Eng. and Arch. Journal, August, 1562. 

(Continued from p. 266). 

Having ascertained, by direct experiment, the mechanical resist- 
ance of different kinds of iron and steel plates to forces tending to 
rupture, it is interesting to observe the close relation which exists be- 
tween not only the chemical analysis as obtained by Dr. Perey, but 
how nearly they approximate to the force of impact, as exhibited in 
the experiments with ordnance at Shoeburyness. 
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Dr. Percy, in his analysis, observes that of all the plates tested at 
Shoeburyness, none have been found to resist better than those let- 
tered A, B, C, D, with the exception of C. The iron of plate E con- 
tained less phosphorus than either of the three A, B, D; and it is 
clearly established that phosphorus is an impurity which tends in a 
remarkable degree to render the metal “cold short,” ¢. e. brittle when 
cold. 

The following table shows the chemical composition of these irons: 


Mark.| Carbon. Sulphur. Phosphorus. Silicon. | Manganese. 
| A | 01636 “104 “106 122 28 
| B | | 173 160 029 | 
| 023 “190 “O14 “100 
D 0436 ‘118 228 “174 
170 “0577 “110 


Comparing the chemical analysis with the mechanical properties of 
the irons experimented upon, we find that the presence of 0°23 per 
cent. of carbon causes brittleness in the iron: and this was found to 
be the case in the homogeneous iron plates marked C; and although 
it was found equal to A plates in its resistance to tension and com- 
pression, it was very inferior to the others in resisting concussion or 
the force of impact. It therefore follows that toughness combined 
with tenacity is the description of iron plate best adapted to resist 
shot at high velocities. It is also found that wrought iron which exhi- 
bits a fibrous fracture when broken by bending, presents a widely dif- 
ferent aspect when suddenly snapped asunder by vibration, or a sharp 
blow from a shot. In the former case the fibre is elongated by bend- 
ing, and becomes developed in the shape of threads as fine as silk, 
whilst in the latter the fibres are broken short, and exhibit a decidedly 
crystalline fracture. But, in fact, every description of iron is erystal- 
line in the first instance ; and these crystals, by every succeeding pro- 
cess of hammering, rolling, &c., become elongated, and resolve them- 
selves into fibres. There is, therefore, a wide difference in the ap- 
pearance of the fracture of iron when broken by tearing and bending, 
and when broken by impact, where time is not an element in the force 
producing rupture. 

If we examine with ordinary care the state of our iron manufacture 
as it existed half a century ago, we shall find that our knowledge of its 
properties was of a very crude and most imperfect character. We have 
yet much to learn, but the necessities arising from our position as a 
nation and the changes by which we are surrounded, will stimulate 
our exertions to the acquisition of knowledge and the application of 
science toa more extended investigation of a material destined, in 
course of time, to become the bulwark of the nation. It is, therefore, 
of primary importance, that we should make ourselves thoroughly ac- 
quainted not only with the mechanical and chemical properties of iron, 
but that we should moreover be able to apply it in such forms and 
conditions as are best calculated to meet the requirements of the age 
in which we live. 
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Entertaining these views, I cheerfully commenced with my talent- 
ed colleagues the laborious investigations in which we are now en- 
gaged: and looking at the results of the recent experiment with the 
300-pounder gun on the one hand, and the resisting targets on the 
other, there is every prospect of an arduous and long-continued con- 
test. 

From the Manchester experiments to which I have alluded, we find 
that with plates of different thicknesses, the resistance varies directly 
as the thickness, that is, if the thickness be as the numbers 1, 2, 3, 
Ke., the resistance will be as 1, 2, 3, &c.; but those obtained by im- 
pact at Shoeburyness show that, up to a certain thickness of plate, 
the resistance to projectiles increases nearly as the square of the 
thickness. That is, if the thickness be as the numbers 1, 2, 3, 4, &c., 
the resistance will be as the numbers 1, 4, 9, 16, Xc., respectively. 
The measure therefore of the absolute destructive power of shot is its 
vis viva, not its momentum, as has been sometimes supposed, but the 
work accumulated in it varies directly as the weight of the shot mul- 
tiplied into the square of the velocity. 

There is therefore a great difference between statical pressure and 
dynamical effect ; and in order to ascertain the difference between flat- 
ended and round-ended shot, a series of experiments were undertaken 
with an instrument or punch exactly similar in size and diameter, and 
precisely corresponding with the steel shot of the piece, *85 diameter 
employed in the experiments at Shoeburyness. The results on the 
A, B, C, and D plates are as follows :— 


Resistance in lbs. 


Punch flat-ended. | Punch round-ended. 
| 


Cuaracter or Puates. 


A Plates, 57,956 61,886 

B Plates, . 57,060 48,788 
Half-inch thick, 4 plates, 71,035 85,524 
D Plates, . ° 46,080 43,337 

Three-quarter B Plates, ° 84,587 98.420 
inch thick, ; D Plates, . ° 82,381 98,571 

Mean, . ‘ 67,017 72,754 


These figures show that the statical resistance to punching is about 
the same whether the punch be flat-ended or round-ended, the mean 
being in the ratio of 1000 : 1085, or 8} per cent. greater in the round 
ended punch. It is, however, widely different when we consider the 
depth of indentation of the flat-ended punch, and compare it with that 
produced by the round-ended one, which is 3} times greater. Hence 
we derive this remarkable deduction, that whilst the statical resistance 
of plates to punching is nearly the same, whatever may be the form 
of the punch, yet the dynamic resistance or work done in punching is 
twice as great with a round-ended punch as with a flat-ended one. 
This of course only approximately expresses the true law; but it ex- 
hibits a remarkable coincidence with the results obtained by ordnance 
at Shoeburyness, and explains the difference which has been observed 
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in these experiments, more particularly in those instances where round 


shot was discharged from smooth-bored guns at high velocities. 'I'o -_ 
show more clearly the dynamic effect or work done by the weight of [i : 
shot which struck some of the targets at different velocities, the fol- . | 
lowing results have been obtained 
Weight of Shot done on Target. | 
striking Target. | Total. | Per square foot. | ‘ ‘ 
Ibs. Foot Ibs. | Foot lbs. 
Thorneycroft 8-inch Shield, 1253 29,078,000 | ( 
Thorneycroft 10-inch Embrasure, 1511 | 37,140,000 | 4 
Roberts's Target, 946 822,000 | 19,726,000 | t 
Fairbairn’s Target, 1024 324,000 | 23,311,000 
Warrior Target, 3229 312,000 | 62,570,000 | ( 
| The Committee's Target, 6410 124,098,780 | ; 
teat”! From the above, it will be observed that the two last targets have zm 
ete sustained in work done what would if concentrated be sufficient to [RR s 
sink the largest vessel in the British navy. 
ioe We are all acquainted with the appearances and physical character - t 
pas of artillery, but few are conversant with the nature of the operations t 
A a and the effects produced by shot on the sides of a ship or on resisting s 6 
forts and targets. 
ae ae The shot of a gun—to use the expression of my colleague, Mr. fF Ub 
Pole—is simply the means of transferring mechanical power from one p 
aa place to another. The gunpowder in the gun develops by its combus- - C¢ 
ee eh f tion a certain quantity of mechanical force, or work as it is now call- est 
meine: ed, and the object of the shot is to convey this work to a distance, - a 
) ie and apply it to an object supposed to be otherwise inaccessible. ‘The ; 
Soe effect of this, according to Mr. Pole’s formula, is W = its velocity in S tl 
cae Be feet per second; v=weight of the shot in pounds. Then, by the ; a 
a ! i principle of vis viva, the quantity of work stored up by the moving ; al 
mass, measured in lbs. 1 foot high is = being the force of 
vity = 32}. Bs 
ar Thus, if we have a shot, like that recently used against the Warrior HR 
a sa bi target, 156 lbs., moving at the rate of 1700 feet per second, the work ole 
iit done will be = 106 - hs = 7,008,238 one foot high. | : 
3 
aa est Showing at once the immense power that this small body is able to co 
ae deliver on every resisting medium tending to arrest its course and , 6 
be bring its particles to a state of rest; or in other words, it is equivalent = 
. to raising upwards of 3000 tons a foot high in the air. = 
rh The application of Iron for purposes of Defence.—Having examin- poof 
¥) ed, in a very condensed and cursory manner, the present state of our pif 
hag knowledge in regard to iron, and its application to the purposes of J of 
tes ship-building, let us now consider in what form and under what cir- bes 
bg! cumstances it can best be applied for the security of our vessels and - 
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forts. To the latter the answer is, make the battery shields thick 
enough; but a very different solution is required for the navy, where 
the weight and thickness of the plates is limited to the carrying pow- 
ers of the ship. It has been observed with some truth, that we have 
learnt a lesson from the recent naval action on the American waters ; 
but it must be borne in mind that neither of the vessels engaged nor 
the ordnance employed were at all comparable to what have been used 
at Shoeburyness. 

To those who, like myself, have gone through the whole series of 
experiments, the late engagement will appear instructive, but not cal- 
culated to cause any great alarm, nor yet effect any other changes 
than those primarily contemplated by the Government, and such as 
have been deduced from our own experiments. It is, nevertheless, 
quite evident that our future navy must be entirely of tron ; and judg- 
ing from the last experiment with the Armstrong smooth-bore gun, it 
would almost appear as a problem yet to be solved, whether our ships 
of war are not as safe without iron armor as with it. If our new con- 
struction of ships are strong enough to carry armaments of 300-pound- 
er guns, which is assumed to be the case, our plating of 6 or 7 inches 
thick would be penetrated, and probably become more destructive to 
those on board than if left to make a free passage through the ship. 
In this case we should be exactly in the same position as we were in 
former days with the wooden walls; but with this difference, that if 
built of iron the ship would not take fire, and might be made shell- 
proof. It is, however, very different with forts, where weight is not a 
consideration, and those I am persuaded may be made sufficiently 
strong to resist the heaviest ordnance that can be brought to bear 
against them. In this statement I do not mean to say that ships of 
war should not be protected; but we have yet to learn in what form 
this protection can be effected to resist the last powerful ordnance, 
and others of still greater force which are looming i the distance, and 
are sure to follow. 

A great outery has been raised about the inutility of forts; and the 
(rovernment, in compliance with the general wish, has suspended those 
at Spithead,—I think improperly so, as the recent experiments at 
Shoeburyness clearly demonstrate that no vessel, however well pro- 
tected by armor-plates, could resist the effects of such powerful artil- 
lery; and instead of the contest between the Merrimac and the Moni- 
tor, and that of the 300-pounder gun, being against, they are to every 
appearance in favor of forts. Should this be correct, we have now to 
consider how we are to meet and how resist the smashing force of such 
powerful ordnance as was levelled against the Warrior target. 

During the whole of the experiments at Shoeburyness, 1 have most 
intently watched the effects of shot on iron plates. Every description 
of form and quality of iron has been tried, and the results are still far 
from satisfactory; and this is the more apparent since the introduction 
of the large 300-pounder, just at a time when our previous experiments 
were fairly on the balance with the 40, 68, 100, and 126 pounders. 
They now appear worthless, and nothing is left but to begin our labors 
again de novo. 
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It has been a question of great importance, after having determined 
the law of resistance and the requisite quality of the iron to be used 
as armor-plates, how these plates should be supported and attached to 
the sides of the ship. Great difference of opinion continues to exist on 
this subject ; some are for entirely dispensing with wood ; probably the 
greater number contend for a wood backing, the same as the Warrior 
and the Black Prince. I confess myself in the minority on this ques- 
tion ; and, judging from the experiments, I am inclined to believe from 
past experience that wood combined with iron is inferior to iron and 
iron in its power of resistance to shot; and I am fully persuaded that 
ultimately the iron armor-plates must be firmly attached to the sides, 
technically called the skin, of the ship. 1t must, moreover, form part 
of the ship itself, and be so arranged and jointed as to give security 
and stability to the structure. 

The experiments instituted by the Committee on Iron Plates have 
been well considered and carefully conducted; they commenced with a 
series of plates selected from different makers, of varying thicknesses, 
and these have been tested both as regards quality and their powers 
of resistance to shot. They have, moreover, been placed at different 
angles and in a variety of positions; and we had just arrived at the 
desired point of security when the thundering 300-pounder smooth- 
bore upset our calculations, and leveled the whole fabrie with the 
ground. We are, however, not yet defeated ; and true to the national 
character, we shall, like the knights of old, resist to the last— 

*« And though our legs are smitten off, 
We'll fight upon our stumps.” 
And thus it will be with the Iron Committee and the Armstrong and 
the Whitworth guns. 

In conclusion, allow me to direct attention to a drawing of the War- 
rior target with wood backing, and its compeer entirely of iron. The 
first underwent a severe battering previous to the attack from the 500- 
pounder, but the other sustained still greater with less injury to the 
plates, notwithstanding the failure of the bolts in the first experiment. 
It must however be admitted, that plates on wood backing have cer- 
tain advantages in softening the blow, but this is done at the expense 
of the plate, which is much more deflected and driven into the wood, 
which from its compressibility presents a feeble support to the force 
of impact. Again, with wood intervening between the ship and the 
iron plates, it 1s impossible to unite them with long bolts so as to im- 
part additional strength to it; on the contrary, they hang as a dead 
weight on her sides, with a constant tendency to tear her to pieces. 
Now, with iron on iron we arrive at very different and superior results. 
In the latter, the armor-plates if properly applied will constitute the 
strength and safety of the structure; and, notwithstanding the in- 
creased vibration arising from the force of impact of heavy shot, we 
are more secure in the invulnerability of the plates, and the superior 
resistance which they present to the attack of the enemy’s gun. In 
these remarks I must not, however, attempt to defend iron construc- 
tions where they are not defensible, and 1 am bound to state that in 
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Hydraulic Presses. 


constructions exclusively of iron there is a source of danger which it 
is only fair to notice, and that is , that the result of two or more heavy 
shot or a well concentrated fire might not only penetrate the pl ites, 
but break the ribs of the ship. This occurred in the last experiment 
on my own target, where a salvo of six guns concentrated four on one 
spot, not more “than 14 inches diameter, went through the plates and 
carried away a part of the frame behind. The same ‘effect might have 
taken place on the Warrior target; and certainly 9 ins, of wood is of 
little value when assailed by a powerful battery of heavy ordnance and 
a well concentrated fire.* 

In closing these remarks, I have every confidence that the skill and 
energy of this country will keep us in advance of all competitors, and 
that a few more years will exhibit to the world the iron navy of Eng- 
land, as of old with its wooden walls, unconquerable on every sea. 


* Since the above was written, another experiment has been made on the Warrior target with the 300- 
pounder smooth-bore gun. From this it appears that the wood backing between the armor-plates and ¢ 
kin of the ship cannot saf-ly be dispensed with. and that some compressible or softer substance than i 
liron is necessary to dead on the blow, and absorb the fragments of the shot and the broken platea, which 
this instance lodged in the wood, aud did not perforate, but only cracked the skin of the target Fi 
fact it cannot be denied that this experiment is more satisfictory than those on the iron on iron targets ; 
| however desirable it may be to realize a more effective construction as regards the strength of the ship, 
it cannot be doubted. in so far as the security of the ship and the lives of those on board are concerned, that 
. vessel with wood backing is safer in action than one composed entir Iv of iron. In the present state of cur 
knowledge, the experiments are therefore against iron and iron, as regards security from the effects of slot, 
but they are unfavorable as respects the strength of the ship. 


Hydraulic Presses. 
From the London Artizan, August, 1862. 


For many purposes for which presses are employed, such for exam- 


ple as for packing cotton and other fibres, and similar materials, the 


press is required during a considerable portion of its stroke to exert 
but a comparatively small pressure, whilst for the latter portion of the 
stroke a much heavier pressure is required, Mr. M. Scott, of Parlia- 
ment Street, proposes to employ a compound press, consisting of two 
or more concentric cylinders. The innermost is fitted with a ram like 
an ordinary hydraulic press, the cylinder is closed at the bottom, and 
is made itself to serve as the ram of another hydraulic press formed 
with the next concentric cylinder, and this may in turn form the ram 
of a third press. When the press is set to work the water from a force- 
pump or accumulator is directed first into the interior cylinder, and as 
this is of small diameter the ram thereof rapidly rises, but the pres- 
sure will be comparatively light. As soon as this pressure proves in- 
sufficient, a cock placed on ‘the supply-pipe of the inner cylinder is 
closed, and another cock is opened, so as to admit the water from the 
force-pump or accumulator to the second cylinder. In this manner the 
ram of the second press, which is the cylinder of the first, is raised, 

carrying its own ram with it, this being unable to descer id, being 
blocked by the water enclosed beneath it. When the second cylinder 
is brought into work, the action of the press will be slower, and the 
force exerted will be greater, in proportion as the sectional area of 
the ram of the second press (or the cylinder of the first) exceeds the 
sectional area of the ram of the first press. When a third cylinder is 
employed it is brought into action after the second in a similar man- 

Vou. XLIV.—T Series.—No. 5.—Novemner, 1862. 28 
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ner, the second press being then in turn blocked by the water enclosed 
in it. The important feature in the invention is the blocking of one 

ress, whilst a more powerful one is caused to act against it thus:— 
Two separate hydraulic presses, the one of small, and the other of large 
power, may be arranged one at each end of a frame, the material to 
be pressed between them is received between the two presses, and is 

artly compressed by the press of smaller power ; then this is blocked 
o enclosing water in it, and the press of greater power is put in ac- 
tion to complete the compression. This arrangement may also be em- 
ployed where mechanical blocking is used in place of or together with 
water blocking. 


New Manufacture of Gunpowder. 


From the London Artizan, August, 1862. 


Mr. W. Bennetts, of Tuckingmill, has invented a new method of 
manufacturing gunpowder, the ingredients consisting of lime, nitre, 
sulphur, and charcoal ; the lime is dissolved in a sufficient quantity of 
water to bring the other elements into a paste. The lime after having 
been made into a solution is strained through a fine sieve; this solu- 
tion is then added to the other ingredients, and the whole is put into 
a mill and ground until it becomes a paste ; it is then taken out of the 
mill and passed between two rollers, one grooved and the other plain. 
The paste by passing between the rollers is formed into long strips of 
a triangular shape; it is then carried on an endless web or canvass 
over some hot tubes, which are heated by steam, hot water, or any 
other artificial heat which may be applied; by this means the strips 
are easily broken into grains. This mode of manufacture prevents a 
great deal of danger, as the powder is pulverized and brought into 
grain while in a wet state. The lime makes a firm grain, resists the 
damp, and gives it a degree of lightness which increases the bulk 25 
per cent. over ordinary gunpowder—a great advantage for blasting 
purposes. Plaster of paris, blue lias, Roman or Portland cement, or 
other strong cementing substance, may be used as a substitute for 
lime. And the patentee finds that for blasting purposes the following 

roportions answer well—that is to say, nitre, 65 lbs.; charcoal, 18 
bs.; sulphur, 10 Ibs.; and lime, 7 lbs.; but the proportions may be 
varied according to the strength required. 


Safety- Valves of Steam Boilers. 


At a meeting of the Academy of Sciences of Vienna, M. de Burg 
gave an account of his experiments on the mode of action of the safe- 
ty-valves of steam boilers. These results are in contradiction with the 
theoretical propositions upon which the regulations for the dimensions 
of these boilers have been based: inasmuch as in reality these valves 
do not rise to a height equal to one-fourth of their diameter, that is, 
one or more inches, but only so as to leave a passage for the steam 
whose diameter does not exceed the fraction of a line. These appara- 
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tus therefore cannot fulfil their object, which is to give simultaneous 
jssue to all the steam which a boiler can produce when it has reached 
a determinate degree of tension, and thus to prevent all danger of 
explosion. To fulfil this purpose they ought to be at least six times, 
and in some cases twenty times larger than the rules prescribe. 

Institut. 


Durability of Cast Iron in Sea Water. By E. B. Wess, M. Inst. 
C. E., &e. 


From the Lond. Civ. Eng. and Arch. Jour., Aug., 1862. 


Mr. Webb has given special attention to the durability of cast iron 
in sea water, and the subject is one of such importance that we extract 
his observations ; while not professing to show that all cast iron may 
be trusted to withstand the deteriorating action of the sea, our author 
brings forward several instances in which its judicious employment 
has been proved by its remaining uninjured after many years sub- 
mersion. 

Cast iron in sea water is liable to two descriptions of deterioration, 
- generally by the absorption of oxygen, and occasionally, with certain 
qualities of metal, by a softening of the outer surface. 

The oxidation of cast iron in sea water does not proceed rapidly, 
even when its surface is unprotected and its quality that most favora- 
ble for a union with oxygen. An idea of the rate of oxidation may be 
formed from the following statement by Mr. R. Mallet (as the result 
of numerous experiments), that “cast iron freely exposed to the wea- 
ther at Dublin, and to all its atmospheric precipitations, was corroded 
nearly as fast as if in clear sea water, when the specimens in both 
cases were wholly unprotected.” 

In iron breakwaters, the question as to durability will refer chiefly 
to the parts below low water ; for the protection of the superstructure 
against slow and unimportant oxidation may be readily insured. It has 
been stated, that the oxidation of iron surfaces continually covered 
with water goes on more slowly than when the metal is exposed alter- 
nately to air and water. In addition to this circumstance, favorable 
to the easy protection of ironwork standing in the sea, it will be found 
that in the majority of localities the sea itself provides, in the shape of 
mollusks, an excellent protection to the submerged portions. 

The softening of cast iron is a process not clearly understood. Cast 
iron will soften in the cylinders and pipes used in mines, as well as in 
piles standing in sea water. After softening under sea water it will at 
times become hard again on exposure to the air. Cast iron, however, 
is very far from being generally liable to the process of softening. 

In consequence of ‘the great variety in the quality of cast iron, in- 
stances are not wanting which apparently support directly opposite 
opinions. Cast iron has been taken up after immersion in sea water, 
utterly decomposed. In many such cases, it is known that the iron 
has been purposely cast of the softest metal, and in others it may 
airly be presumed that soft metal has been employed. On the other 
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hand, there are numerous instances of cast iron having remained per- 
fectly sound and uninjured after an immersion for many years in sea 
water. From very numerous examples of long immersion without in- 


jury, the writer will select a few which he has personally examined. 


Dock Gates, Sheerne - —There are several pairs of cast iron dock 
gates at Her Majesty’s dock-yard, Sheerness. They were desi; gned | by 
the late Mr. Rennie. The heel posts, mitre posts, and ribs, are of cast 
iron. The gates are sheeted from top to bottom with cast iron plates, 
perfectly water- tight. Three pairs of gates have been exposed to the 
action of sea water since 1821, and a fourth pair since 1827. 

The writer examined these gates in January of this year, 1862, and 
he found that the framing and plates were in perfect condition. From 
the dock-yard officials he learnt that no portion of the cast iron had 
ever been replaced, in consequence of deterioration of the metal, and 
that no plate had given way, although there is a head of water equal 
to 26 feet at spring tides. Three pairs of these gates have, therefore, 
resisted the action of sea water, uninjured, for fully forty years, anda 
fourth pair for thirty-five years. 

The writer observed, however, that the cast iron sector plates, 
against which the gates shut, are softened in places to some little ex- 
tent, but only where the iron is in contact with a mass of lead, which 
has been used to form a water-tight joint; the galvanic action created 
by the contact of the two metals having, doubtless, caused the soften- 
ing of the iron. 

At Chatham, the writer saw a number of iron castings which had 
been removed thither from a dock at Pembroke, where a caisson has 
replaced the gates. After an immersion in sea water at Pembroke for 
many years, these castings are found to be in so perfect a a that 
they will shortly be put in use at the new entrance to No. 1 dock at 
Chatham, there again to be exposed to the action of sea water. 

Lowestoft Harbor ( Basin Entrance).—The late Sir W. Cubitt ha 
ing witnessed the rapid destruction of timber in the sea at ener 
and being satisfied as to the durability of cast iron in sea water, de- 
termined | upon casing the entrance of the Lowestoft basin with cast 
iron piles. The work was commenced in 1832, under Mr. George Ed- 
wards. The writer examined these piles last year, and he found them 
uninjured. They are, for all practical purposes, as sound and as per- 
fect as when they were driven—upwards of 28 years ago. 

Southend Pier (Lxtension),—Mr. Jas. Simpson (Past- President « of 
the Institution of Civil Engineers), in designing the extension of th 
pier, after careful consideration of the durability of cast iron in sea 
water, selected that metal for his piles. The extension was executed 
in 1844. In February, last year, the writer examined these piles ; he 
found them in a most per fect state. The *y are square, and the angles 
are as sharp as when they left the foundry. Mr. Simpson specified the 
quality of the iron from ‘which these piles were to be cast, because he 
found, from examination of specimens of cast iron which had been ex- 
posed to the action of sea water, that the durability depended upon the 
quality. These piles, after having been exposed to sea water during 
17 years, are perfectly uninjured. 
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Herne Bay Pier.—The pier at Herne Bay, nearly three-quarters of 
a mile in length, was designed by the late Mr. Telford. It was built 
of timber in 1831. After standing for about seven years, the piles 
were generally so far destroyed by the worm, that it was decided to 
use cast iron, to a great extent, in the repairs. Accordingly, in 1838, a 
great number of cast iron square piles were driven. Very recently the 
writer examined this pier. He found the cast iron in a most perfect state. 
The angles of the piles were sharp, and the surface as smooth and as 
sound as when the castings left the foundry. The piles, as usual, are 
covered with shell-fish, which kee ep the surfaces moist during ebb tide. 
Not more than one-half of the whole piles in the pier are of iron; 
those of wood are either cut through by the worm, or are under that 
process of destruction. The timber piles have required constant re- 
pairs and renewals. Upon the cast iron not a shilling has been ex- 
pended. The pier, in consequence of the destruction ‘of the timber, 
which is immersed in the sea, is in a most dangerous condition. Had 
Mr. Telford, in the first instance, selected cast iron for the piles of his 
pier, the substructure would have been as sound to-day as when put 
down in 1831. With the exception of the cast iron piling, which has 
been under the action of sea water 23 years uninjured, this pier may 
now be termed a ruin. 

Margate Jetty.—A jetty erected at Margate in 1831 rested on tim- 
ber supports fitted into cast iron piles. These piles did not stand suf- 
ficiently high from the bed of the sea, and the lower portion of the 
timber, exposed to sea water, was destroyed by the worm. In 1853, 
nearly all of them were taken up and sold for old metal at the price of 
pig iron; and in the same year, a new iron pier, resting on cast iron 
piles, was erected by Messrs. J. B. and E. Birch. A number of the 

old piles, after having been immersed in the sea water for upwards of 

20 years, were last year to be seen on the pier at Margate. The writer 
has ¢: arefully examined them; they are as sound as when they left the 
foundry; in no instande can any softening of the metal be detected. 
A still stronger proof, however, is to be found in some of the cas iron 
piles of the old jetty, which are still im stu at the head of the present 
jetty. In these piles no deterioration whatever can be discovered. The 
sheil-fish with which they are covered form a perfect protection against 
oxidation. These piles have stood in the sea during 30 years, and are 
perfectly uninjured. 

If, then, numerous and undoubted examples of cast iron do exist 
which have withstood the action of sea water, without any deteriora- 
tion, for upwards of a quarter of a century, we must come to the con- 
clusion, that where cast iron has been injured or decomposed in open 
sea water within a less period, the cause is to be found chiefly in the 
quality of the iron not being suitable for the work in which it is placed. 
The power, therefore, of various classes of cast iron to resist the action 
of sea water, will vary according to quality. 

The cast iron used by Mr. Murray i in the dock gates of Sunderland 
may be cited in proof of the foregoing statement. After an immersion 
for some years, the rollers under the gates were found to have been 
28° 
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acted upon by sea water, but other portions of cast iron placed in the 
body of the gates remained uninjured. As the rollers had to be turned 
in the lathe, they were doubtless cast of soft material, but the other 
portions of cast iron, not requiring to be cut by tools, were of harder 
metal. The former gave way, but the latter remained perfect. 

The words cast tron admit of almost the same latitude of signification 
as the word timber. Because we dare not use poplar on account of its 
liability to decay, it does not follow that no structures are to be erect- 
ed of other qualities of wood. 

At a meeting of the Institution of Civil Engineers (February 13th, 
1844), Mr. J. Simpson stated, that with good. grey cast iron, having 
a good surface, little injurious effect from the sea water was to be 
dreaded. He also stated that he was then about to use cast iron ex- 
tensively for piles, and that he had examined cast iron piles which had 
been in sea water for 16 years without any detrimental effect being 
produced. 

It appears that the action of sea water is powerful in the greatest 
degree when the iron is composed of large crystals, and especially 
when there is irregularity in the cryst: sllisation. It may be said that 
the softer the iron the greater is the liability to decomposition.* Be- 
tween the limits of extreme softness and decay on the one hand, and 
extreme hardness and durability, with brittleness, on the other, we 
have to make the selection. It has been stated} that chilled east iron 
corrodes faster than green sand castings, that all castings intended for 
use in sea water should be cooled in the sand to insure uniformity in 
the crystals, and that Welsh iron is the best. From a careful investi- 
gation of the subject, the writer has arrived at the conclusion, that a 
strong description of cast iron may be employed, capable of enduring 
the action of sea water for an indefinite length of time. 

In cases where, from the use of an unsuitable quality of iron, or 
from contact with some other metal (such as lead or copper), soften- 
ing of the iron has taken place, it will generally be found that the 
glazed skin produced by the sand of the mould in the process of cast- 
ing, has been removed by tools, accident, or wear. An iron breakwater 
can be erected without any removal of this protecting glazed skin; no 
holes will be required to be bored, and no surfaces cut by tools. 

As an instance of the detrimental effect of placing another metal in 
contact with cast iron, it may be stated that the cast iron plates aflix- 
ed to ships bottoms (according to the proposition of Sir I. Davy) for 
the protection of the copper sheathing, rapidly became softened. 

* In Brande’s Manual of Chemistry, (vol i. p. 754, edition 1848.) the following remarks are made upon 
cast iron :—" Whit» cast iron is very hard, and when broken. of a radiated texture. Acids act upon it but 
slowly. and exbibit a texture composed of a congeries of plates, aggregated in various positions. Grey or 

mottled cast iron is softer and less brittle; it may be bored and turned in the lathe. When immersed in 
dilute hydrochloric acid, it affords « large quantity of black insoluble matter, which Danieil considers as 4 
triple compound of carbon, iron, and silicium. and which bas some very singular properties. The texture of 
the metal resembles bundles of minute needles.” 

In a paper inserted in the * Edinburgh Pb losophical Journal,” (vol. vii. p. 201.) Dr. McCulloch remarks, 
that “the blackest pig-metal appears to yield the greatest quantity of black-lead, and in the most solid 
othe “ *Mining Journal,” of January 11th. 1862, under the head of “ Artificial Plumbago,” states, that “for 
some time past, Dr. Crace Calvert, F R.S., has been engaged in experimenting upon the composition of @ 
earboniferous substance existing in grey cast iron, or, to use a more popular definition, in producing plum- 
bago from cast iron. The effect of his experiments has been to arrive at results which throw much light 
upon the chemical composition of the substance, proving it to be composed of iron, carbon, nitrogen, and 


silicium.” 
+ Minutes of Proceedings, Institution of Civil Engineers, vol. i. p. 72 (Session 1840). 
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Lecture on Force. By Prof. TyNpALt, at the Royal Institution. 
From the London Mechanics’ Magazine, July, 1862. 


(Continued from page 271.) 


There is one other consideration connected with the permanence of 
our present terrestrial conditions, which is well worthy of our atten- 
tion. Standing upon one of the London bridges, we observe the cur- 
rent of the Thames reversed, and the water poured upwards twice a 
day. The water thus moved rubs against the river’s bed and sides, and 
heat is the consequence of this friction. The heat thus generated is in 
part radiated into space, and then lost, as far as the earth is concern- 
ed. What is it that supplies this incessant loss? The earth’s rotation. 
Let us look a little more closely at the matter. Imagine the moon 
fixed, and the earth turning like a wheel from west to east in its diur- 
nal rotation. Suppose a high mountain on the earth’s surface ; on 
approaching the moon’s meridian, that mountain is, as it were, laid 
hold of by the moon, and forms a kind of handle by which the earth 
is pulled more quickly round. But when the meridian is passed, the 
pull of the moon on the mountain would be in the opposite direction— 
it now tends to diminish the velocity of rotation as much as it pre- 
viously augmented it; and thus the action of all fixed bodies on the 
earth’s surface is neutralized. But suppose the mountain to lie always 
to the east of the moon's meridian, the pull then would be always ex- 
erted against the earth's rotation, the velocity of which would be di- 
minished in a degree corresponding to the strength of the pull. The 
tidal-wave oceupies this position—it lies always to the east of the 
moon’s meridian, and thus the waters of the ocean are in part dragged 
as a brake along the surface of the earth; and as a brake they must 
diminish the velocity of the earth's rotation. The diminution, though 
inevitable, is, however, too small to make itself felt within the period 
over which observations on the subject extend. Supposing then that 
we turn a mill by the action of the tide, and produce heat by the fric- 
tion of the mill-stones; that heat has an origin totally different from 
the heat produced by another mill which is turned by a mountain 
stream. The former is produced at the expense of the earth's rotation, 
the latter at the expense of the sun’s radiation. 

The sun, by the act of vaporization, lifts mechanically all the mois- 
ture of our air. It condenses and falls in the form of rain—it freezes 
and falls as snow. In this solid form it is piled upon the Alpine heights, 
and furnishes materials for the glaciers of the Alps. But the sun again 
interposes, liberates the solidified liquid, and permits it to roll by gra- 
vity to the sea. The mechanical force of every river in the world, as it 
rolls taward the ocean, is drawn from the heat of the sun. No stream- 
let glides to a lower level without having been first lifted to the eleva- 
tion from which it springs by the mighty power of the sun. The energy 
of winds is also due entirely to the sun; but there is still another work 
which he performs, and his connexion with which is not so obvious. 
Trees and vegetables grow upon the earth, and when burned they give 
rise to heat, and hence to mechanical energy. Whence is this power 
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Tae H derived? You see this oxide of iron, produced by the falling together ¢ 
| ae of the atoms of iron and oxygen ; here also is a transparent gas which . Ct 
you cannot now see—carbonie acid gas—which is formed by the fall- 
ae ing together of carbon and oxygen. These atoms thus in close union - 1 
aa. resemble our lead weight while resting on the earth; but I can wind por 
aaa up the weight and prepare it for another fall, and so these atoms can | 
|. ae be wound up, separated from each other, and thus enabled to repeat t 
4) the process of combination. In the building of plants, carbonic acid is ; 
1 ae the material from which the carbon of the plant is derived; and the } 
Reis A | solar beam is the agent which tears the atoms asunder, setting the ; (| 
} oxygen free, and allowing the carbon to aggregate in woody fibre. 
ae t Let the solar rays fall upon a surface of sand ; the sand is heated, and ¢ 
.. eal: finally radiates away as much heat as it receives; let the same beams p 
I a fall upon a forest, the quantity of heat given back is less than the fo- = | 
ec! rest receives, for the energy of a portion of the sunbeams is invested zx 
Sie in building up the trees in the manner indicated. Without the sun the y a 
Beat: reduction of the carbonic acid cannot be effected, and an amount of . 6] 
meee sunlight is consumed exactly equivalent to the molecular work done, - ¢ 
ag mera? , Thus trees are formed; thus the cotton on which Mr. Bazley dis- s 
[a ies coursed last Friday is formed. I ignite this cotton, and it flames: the IRR 
(Aaa oxygen again unites with its beloved carbon; but an amount of heat - 1 
a ae equal to that which you see produced by its combustion was sacrificed . 7 
H by the sun to form that bit of cotton. 
we cannot stop at vegetable life, for this is the source, mediate 
eacin - or immediate, of all animal life. The sun severs the carbon from its y 
oxygen; the animal consumes the vegetable thus formed, and in its 
Ber: e arteries a reunion of the several elements takes place, and produces ’ 
oe ety ea, animal heat. Thus, strictly speaking, the process of building a vege- Q 
foe table is one of winding up; the process of building an animal is one of t 
Be Aes i running down. The warmth of our bodies, and every mechanical ener- t 
ea gy which we exert, trace their lineage directly to the sun. The fight I 
ae of a pair of pugilists, the motion of an army, or the lifting of his own f 
ee body up mountain slopes by an Alpine climber, are all cases of me- : 
chanical energy drawn from the sun. Not, therefore, in a poetical, 
i ae but in a purely mechanical sense, are we children of the sun. With- - 
ies out food, we should soon oxidize our own bodies. A man weighing s Ct 
150 lbs. has 64 Ibs. of muscle; but these, when dried, reduce them- 
ar hte © fe | selves to 15 lbs. Doing an ordinary day’s work for 80 days, this mass 
of muscle would be wholly oxidized. Special organs which do more 
ee ae work would be more quickly oxidized: the heart, for example, if en- 
or e.. tirely unsustained, would be oxidized in about a week. ‘Take the mt 
amount of heat due to the direct oxidation of a given amount of food; 
0) ae a less amount of heat is developed by this food in the working,animal - 
ee ee frame, and the missing quantity is the exact equivalent of the mecha- pC 
nical work which the body accomplishes. 
| i I might extend these considerations—the work, indeed, is done to t 
ct Rear my hand—but I am warned that I have kept you already too long. , (¢ 
Toye ea To whom, then, are we indebted for the striking generalizations of ee 
ri ames) this evening’s discourse? All that I have laid before you is the work ‘ 
meets 
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of a man of whom you have scarcely ever heard. All that I have 
brought before you has been taken from the labors of a German phy- 
sician, named Mayer. Without external stimulus, and pursuing his 
profession as town physician in Heilbronn, this man was the first to 
raise the conception of the interaction of natural forces to clearness in 
his own mind. And yet he is scarcely ever heard of in scientifie lec- 
tures, and even to scientific men his merits are but partially known. 
Led by his own beautiful researches, and quite indepe en dent of Mayer, 
Mr. Joule published his first paper on the ** Mechanical V alue of 
Heat” in 1843; but in 1842 Mayer had actually ec: hated the me- 
chanical equivalent of heat from data which a man of rare originality 
alone could turn to account. From the velocity of sound in air Mayer 
ne Ne the mechanical equivalent of heat. In 1845 he published 
iis Memoir on * Organic Motion,” and applied the mechanical theory 
e heat in the most fe arless and precise manner to vital processes. He 
also embraced the other natural agents in bis chain of conservation. 
In 1853 Mr. Waterston proposed, independently, the meteoric theory 
of the sun’s heat, and in 1854 Professor William Thomson applied his 
admirable mathematical powers to the development of the theory; but 
six years previously the subject had been handled in a masterly man- 
ner by Mayer, and all that I have said on this subject has been de- 
rived from. him. When we consider the circumstances of Mayer's life, 
and the period at which he wrote, we cannot fail to be struck with 
astonishment at what he has accomplished. Here was a man of genius 
working in silence, animated solely by a love of his subject, and ar- 
riving ‘at the most important results some time in advance of those 
whose lives were entirely devoted to Natural Philosophy. It was the 
accident of bleeding a feverish patient at Java in 1840 that led Mayer 
to speculate on these subjects. He noticed that the venous blood in 
the tropics was of a much brighter red than in colder latitudes, and 
his reasoning on this fact led him into the laboratory of natural 
forces, where he has worked with such signal ability and success. 
Well, you will desire to know what has become of this man. His mind 
gave way ; he became insane, and he was sent to a lunatic asylum. In 
a biogré aphical dictionary of his country it is stated that he died there 
but this is incorrect. He recovered, and, I believe, is at this moment a 
cultivator of vineyards in Heilbronn. 
JUNE 20. 

While preparing for publication my last course of lectures on Heat, 
I wished to make myself acquainted ‘with all that M: ayer had done in 
connexion with this. subject. I accordingly wrote to two gentlemen 
who above all others seemed likely to give me the information which I 
needed. Both of them are Germ: Is, and both particularly distinguish- 
ed in connexion with the Dynamical Theor y of Heat. Each of them 
kindly furnished me with the list of M: ayer’s publications, and one of 
them was so friendly as to order them from a bookseller, and to send 
them to me. This friend, in his re ply to my first letter regarding 
Mayer, stated his belief that I shoul not find anything very import- 
ant in Mayer’ 8 writings ; but before forwarding the Memoirs to me he 
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read them himself. His letter accompanying the first of these papers 
contains the following words :—* I must here retract the statement in 
my last letter, that you would not find much matter of importance in 
Mayer’s writings; 1 am astonished at the multitude of beautiful and 
correct thoughts which they contain;” and he goes on to point out 
various important subjects, in the treatment of which Mayer had an- 
ticipated other eminent writers. My second friend, in whose own pub- 
lications the name of Mayer repeatedly occurs, and whose papers con- 
taining these references were translated some years ago by myself, 
was, on the 10th of last month, unacquainted with the thoughtful 
and beautiful essay of Mayer's, entitled ** Beitrage zur Dynamik des 
Himmels ;”’ and in 1854, when Professor William Thomson developed 
in so striking a manner the meteoric theory of the sun’s heat, he was 
certainly not aware of the existence of that Essay, though from a re- 
cent article in ** Macmillan’s Magazine”’ I infer that he is now aware 
of it. Mayer’s physiological writings have been referred to by physio- 
logists—by Dr. Carpenter, for example—in terms of honorable recog- 
nition. We have hitherto, indeed, obtained fragmentary glimpses of 
the man, partly from physicists and partly from physiologists ; but 
his total merit has never yet been recognised as it assuredly would 
have been had he chosen a happier mode of publication. I do not 
think a greater disservice could be done to a man of science than to 
overstate his claims: such overstatement is sure to recoil to the disad- 
vantage of him in whose interest it is made. But when Mayer’s op- 
portunities, achievements, and fate are taken into account, I do not 
think that I shall be deeply blamed for attempting to place him in that 
honorable position which I believe to be his due. 

Here, however, are the titles of Mayer’s papers, the perusal of 
which will correct any error of judgment into which I may have fallen 
regarding their author: ‘ Bemerkungen tiber die Krifte der unbeleb- 
ten Natur,” Liebig’s Annalen, 1842, vol. xlii. p. 231; ‘ Die Organ- 
ische Bewegung in ihrem Zusammenhange mit dem Stoff-wechsel,” 
Heilbronn, 1845 ; * Beitriige zur Dynamik des Himmels,” Heilbronn, 
1845 ; ‘** Bemerkungen tiber das Mechanische Equivalent der Wirme,” 
Heilbronn, 1851. J. T. 


The Melting of Steel. 


M. Alfred Sudre having proposed a new mode of melting large 
masses of steel in a reverberatory furnace, his majesty the Emperor 
directed experiments to be made on a large scale at his own expense, 
under the direction of a committee composed of MM. Treuille, Colonel 
of Artillery and Director of the atelier de precision of Paris; Caron, 
Captain of Artillery, Chief of the Chemical works of the same establish- 
ment, and H. Sainte-Claire Deville, of the Nermal School. These ex- 
periments were executed under the eyes of this committee, who have 
established the favorable results in a report to his majesty, which we 
thus condense: 

Attempts have been for a long time made to melt steel in a rever- 
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beratory furnace; probably there is not a manufacturer of steel who 
has not at least once in his life tried an experiment of this kind. Up 
to this time every one has failed, owing to the almost immediate de- 
struction of the furnace. 

M. Sudre saw that this destruction was caused by the formation of 
an oxide of iron by the flame in direct contact with the steel, which 
oxide combined with the silica of the bricks of the furnace, producing 
a very fusible silicate of iron, and thus melting down the furnace at 
the same time with the steel. 

His problem then was to prevent the steel from contact with the 
air by the interposition of a slag which should not alter either the steel 
or the furnace-walls. This he solved by the employment of bottle glass 
or the slag of a charcoal smelting-furnace. 

The committee establish : 

Ist. That under this slag, the steel melts easily and rapidly with- 
out losing any of its qualities. 

2d. That by this mode 2000 kilogrammes (2 tons) of steel may be 
melted at once in the same furnace. 

3d. That in the present state of things, and notwithstanding certain 
imperfections in the experimental furnace, there is a remarkable eco- 
nomy, as well from the omission of the crucibles as from the want of 
less fuel for a given quantity of steel. 

4th. That furnaces constructed of fire-bricks resist only moderately 
well, in consequence of the number of joints, and that there would be 
an advantage in making the hearths and arches either of one piece or 
of a number of pieces grooved together as in the hearths of copper- 
furnaces. Cosmos. 


The Great Foucault Telescope. 


From the London Intellectual Observer, June, 1862. 


M. Léon Foucault has laid before the French Academy an account 
of the great telescope constructed upon his principle for the Observa- 
tory at Paris. He observes that his efforts to obtain large instruments 
with reflectors of silvered glass could not be deemed completely suc- 
cessful until he had reached dimensions exceeding those of the largest 
achromatic objectives, and that it was only by way of establishing a 
claim to the recognition of his plans that he announced the formation 
of mirrors of 10, 20, and 40 centimetres in diameter. Now, he is able 
to speak of one nearly 80 centimetres in diameter, having a focal 
length of 4} metres,* which has been completed in the establishment 
of M. Seerétan. This mirror, mounted in a Newtonian telescope, has 
been at work for three months at the Observatory, performing to the 
entire satisfaction of the director, M. Chacornac. 

The thick glass disk was cast in a curved form (bombé), at the fac- 
tory of St. Gobain, in a mould prepared by M. Sautter, the director 
of the works for the lenticular lighthouse apparatus, and although 
possessing sufficient homogeneity for its intended purpose, showed 


* The metre is 39-3779 inches; the centimetre 0°3937 of an inch. 
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before it was silvered that a flaw had occurred during the process of 
cooling. Qn its arrival at M. Sautter’s workshops, it was reduced in 
dimensions by bringing it nearer to the required shape, and by cut- 
ting a groove to fix the mechanism necessary for its manipulation. [t 
then passed into the hands of M. Secrétan’s skilful operatives, who 
ground it with a counter piece of glass, 50 centimetres in diameter, 
assisted by emery and water. This process, which was frequently 
tested by the spherometer, occupied a week, at the end of which time 
a fine grained and exactly spherical surface was obtained. Having 
been thus prepared, it was polished by hand, the polisher employed 
being 22 centimetres in diameter, and covered with rouge. This po- 
lishing was completed by one able workman in another week, and the 
mirror was changed from the spherical to the paraboloid form. From 
this moment its success appeared certain, and it was removed, with 
the necessary tools, to the Observatory, to be optically tested, and to 
receive the finishing touches. 

The frame and stand were made by M. Eichens, the director of M. 
Secrétan’s works. The telescope is suspended from its centre of gra- 
vity by two trunnions, resting on two solid vertical columns. It pos- 
sesses vertical and azimuthical movements, so that it only requires to 
have its inclination adjusted to the latitude of the place in which it 
may finally rest, to constitute a veritable equatorial. In consequence 
of the complaints made by the French astronomers of the unfavora- 
ble atmosphere of Paris, the new telescope will be placed in an obser- 
vatory to be erected in the south, and specially devoted to original 
Investigations. 

On the 28th ult., M. Le Verrier exhibited to the Academy a draw- 
ing representing the double nebula in Canes Venatici—the wonderful 
spiral formation of which was made known through the magnificent in- 
strument at Parsonstown—as seen by the Foucault mirror. The Abbe 
Moigno tells us that the drawing exhibits ‘‘ incomparably more «ctails 
than those given by Herschel and Lord Rosse.’’ If this be correet, 
the Foucault telegraph must possess an enormous advantage over the 
old form of reflectors, as the diameter of the new instrument is less 
than half that at Parsonstown, 

We understand that four-inch instruments of this description, in 4 
square mahogany frame, elevated or depressed by a rack movement 
like that of a reading desk, may be had in Paris for £10, They are, 
however, liable to become tarnished, when they need an inexpensive 
process of repair, 


New Regulator for Temperatures, 


A committee of the French Academy of Sciences reports very fa- 
vorably of a new automatic temperature-regulator which M. Eugene 
Rollaud has attached to his Mechanical Roaster, and which, the com- 
mittee say, has worked for eight years with the precision of a piece of 
physical apparatus and the certainty of a practical machine. 

The combustion of the furnace is regulated by balance valves on the 
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pipes through which the air is introduced, which valves are automati- 
cally governed by the regulator. This regulator consists of a mercury 
gauge, the closed branch of which is attached to a fixed support, while 
the cistern is freely suspended to the beam of a balance; the varying 
weight in this branch will cause the beam to assume different positions 
depending on the temperature of the apparatus, which variation of 
position may be used to govern the valve. In order to prevent the 
barometric changes from affecting the apparatus, the closed end of a 
syphon barometer whose. tube is of the same diameter with the gauge, 
is attached to the beam, while its cistern is sustained by the fixed sup- 
port. The barometric changes will then affect these two instruments 
equally and in opposite directions, and will consequently have no effect 
on the position of the balance beam.— Comptes Liendus of the Acade- 
my of Scrences, July, 1862. 


For the Journal of the Franklin Institut 
Strength of Cast Tron and Timbe r Pillars : A series of Tables show- 
ing the Breaking Weight of Cast Iron, Dantzie Oak, and Red Deal 
Pillars. By Wa. Bryson, Ciy. Eng. 
(Continued from page 123.) 


Solid Uniform Square Pillars of Dantzic Oak, Both Ends be ing Flat and 
Firmly Fixed. 
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Solid Uniform Square Pillars of Red Deal, Both Ends being Flat and Firmly Fixed, 


| | 
Calculated Value of w Calculated | : 
breaking weight | in tons bre iking weight | 
in tons from from formula oo | in tons from : 
wae a we | 
w=7'81-—, “2 - 
12 | W+iec° 
8; 9 103 800-64 238-14 194-70 240 
i 2 632 61 “ 185°70 229 
“ | 133 51241 176 58 218 
bi “| 148 423 48 “ 2-06 
5G. 16 | 355-84 “ 1-95 
17} 303-20 “ 185 
| 188 261-43 “ 174 
15; 20 227-73 “ 
16) * 214 200-16 155 
223 | 177-30 “ 1-46 
lie} * 2 158-15 “ 1-38 
253 141-94 1:30 
20 | “ 263 | 128-10 1-22 
2 28 116-19 “ 
293 105 87 109 
{| 23) « 304 96-86 “ 103 
24] «| 32 88-96 “ 0:97 
| 25] * 33} 81-98 0-92 
26) 344 75:80 “ 0:87 
27 |“ 36 70-29 “ 0.83 
28); | 373 65-35 “| 63-79 | O73 
20; 384 60-92 60°56 | O-74 
30 10) 56-93 
Solid Uniform Cylindrical Pillars of Dantzic Oak, Both Ends being Flat and Firmly Fixed, 
=e in tons from in tons from 
wer = formula Value of w 2 | formula, 
8 9 | 103) 687-87 177-13 2-78 
9i« | 12 | 543-51 “ 168-49 264 
10 | « 133 | 44024 “| 159-78 2-51 
lb) 143 | 363-83 “| 151-14 2:37 I 
| 14) « 184 | 224-61 126-67 199 
| 20 | 195-66 “ 119-21 | 187 
| | 171-96 “| 11215 1-76 
| 223 | 152-33 105:50 165 > 
24 135°87 | 99-25 | 1:56 p 
19} | 253 121-95 93-41 | 146 
20; « | 263] 110-06 “| 87-95 | 1°38 
| es | 99-82 82-36 1:30 0 
22} « | | 90-95 “| 7811 | 1-22 f 
| 2 32 | 76-43 « | 69-60 1-09 
| 25) | 33} | 70-43 65:77 1-03 | 
| 2 “| 344 6512 | 62-22 0-97 | 3 
| 36 | 6039 «| 58-91 0-92 
| 5615 | « 55-82 0:87 
29)“ | 383 | 52-34 | | 0-82 
0-76 
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Solid Uniform Cylindrical Pillars of Red Deal, Both Ends being Flat and Firmly Fixed. 


Caleulated 
breaking weight 
in tons frou 
formula Value of w. 


Calculated 
breaking weight 
in tons from 
formula 


inches, 


ght. 


of section in tons. 


Strength per sq. inch 


Diameter in 


145-47 
137°37 
129-31 
21°44 
113-85 
106-61 
99°76 
93:31 
87 29 
81°67 
76-45 
71°62 
67°14 
63-00 
59-18 
55-64 
52°37 


49°35 


ts 


46-48 
43-11 
10-08 
37°36 
34-91 


Extract from the Scientific American. 


0. B. M. in his article entitled “A Practical Inquiry into the Cause of the Fall of the 
Pemberton Mill,” says: 

‘The cause of the fall of the Pemberton Mill has excited considerable speculation by 
some at a distance from the scene of the disaster, who are not well or correctly informed 


with all the details of facts in connexion with the construction of the Mill. I therefore 


propose to state some things which seem to be important facts concerning the cast iron 
pi 


illars or columns and pinties, and their calculated strength, which aré not generally 
known, and do not appear in the evidence before the coroner's jury.” 

“A distinguished engineer, before the coroner's jury, gave the breaking weight, ac- 
cording to Hodgkinson’s rule, for a pillar 6 inches in diameter at bottom, 5} at top, 
2 of an inch thick and 12 feet long, 221 tons; in which calculation he is correct for a 
pillar of those dimensions, with flat ends firmly fitted at top and bottom, as Hodgkinson 
describes. But that size and length of pillar does not come in, in this case; nor any 
others for which the gentleman gave the breaking weight. He gave the breaking weight 


fur pillars of the given dimensions, which he calculated for another mill, as analogous 
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to those of the Pemberton Mill; but the dimensions of the pillars materially differ. It 
is a little singular that he was not requested to calculate the strength of the pillars un- 
der investigation; but it does not appear that any calculations for the breaking weiglit 
of the columns of the Pemberton Mill were before the jury. ‘The largest pillars were in 
the first story or weave-room, and measured 6 inches in diameter at the base, 5 inches 
in diameter at the smallest part near the top, 55 inches in diameter at the middle, 12} 
feet long, and their mean thickness ? of an inch. ‘The formula by the above author fo 
the breaking weight, is 44°3 x (5-53 ©&—4-253-6 )~12-51-7 <= 169 tons breaking weight 
for the largest pillars, instead of 221; assuming that the ends were flat and firmly fitted 
at the top and bottom, which is not always done, and was not so in this case. Now ac- 
cording to Hodgkinson’s experiments, piilars will sustain about three times as much 
weight when firmly fitted with flat ends, with disks or otherwise, than similar pillars with 
hemispherical ends capable of turning; or when the pressure is applied diagonally to 
pillars with flat ends. ‘The bottoms of the pillars in this case were turned; but the pin- 
tles upon which the pillars rested were not turned or fitted at eitherend. The lower 
ends of the pintles (3 inches in diameter) rested on iron washers of the same diameter 
and } of an inch thick, and enough of these were put under the pintles to bring the 
timbers up to the proper height; the greatest number I noticed under one pintle was five.” 

“The pintles stood upon a base of washers 3 inches in diameter, which amounts to 
about the same as standing on rounded ends, for which we shall see a different rule is 
givens The pillars stood on the flanches of the pintles; the rough edges of the tops of 
the pillars were chipped off, and the plate 12 inches in diameter (not turned) rested on 
the pillars, and the timbers rested on the plate; many of the pillars were observed to 
touch at the top and bottom only on a part of their circumference when they were 
set up; and probably a very few, if any, had a complete bearing at both ends. In fact 
they stood upon a sort of ‘centre.’ It is clear, therefore, that the formula which the 
author gives for pillars with flat ends firmly fixed, does not apply in this case. But 
he gives another rule for pillars with rounded ends and capable of turning, or for those 
where the pressure is applied diagonally to pillars of flat ends, which it seems is the only 
safe rule to use in the case before us; he uses the co-eflicint 13 instead of 44:3. It is 


as follows:—13 x (5:53-6—4-253-6 )—12-51-7 49-6 tons, the breaking weight of the 


largest pillar in the Pemberton Mill. From a nnmber of experiments of long continued 


pressure, it appears that it is not safe to load pillars more than 4 of their breaking weight. 
The experiments were made where every thing was still; but for the pillars of a mill, with 
their continued jarring and oscillating motion caused by the machinery, though it be ever 
so little, the above weight is rather large. But the pillars in the second story were less 
able to sustain the weight on them than those in the first story. I find them 53 inches 
in diameter at the bottom, 44 at the small end, 4 15-L6ths inches at the middle, with a 
mean thickness of } of an inch, and 11} feet long. We will apply the rule for pillars 
not firmly fitted at the top and bottom. And 13x (4:93753-6~3-68753-6 )—11 51-7 10 
tons, their breaking weight. The weight they should permanently bear should not ex- 
ceed 10 tons; and the weight they sustained, or were liable to sustain (though this roo 

was more heavily loaded than those above), we cannot safely estimate at less than [8 


tons. 
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Tables showing the Breaking Weight or the Calculated Strength of Pillars of similar 
dimensions as those Pillars referred to in the case of the Pemberton Mill—by several of 
Mr. Hodgkinseon’s formule. 


Hollow Uniform Cylindrical Pillars of Cast Tron, Both Ends being Flat and 
Firmly Fixed. 


Internal diameter 


176-61 
505: 185 36 


“36 194-26 


193-63 169°45 
205-56 505 177°67 
217-93 186-04 


niform Cylindrical Pillars of Cast Iron, with Both Ends being Rounded or Lrregul 


60°56 
64-44 
6848 
w=15 

I 

2°29 

87-76 
93°75 


Mean Breaking Weight from the above results 
Flat Ends and Firmly Round Ends or 
Fixed. 
Pillar. Per sq. inch. Pillar. 
170 67 16-96 71-42 
179 07 17°37 76-10 
187-62 17-77 Sill 


y Uniform Cylindrical Pillars of Cast Iron, with Both Euds being Rounded or Irrevularly 


Calculated weight of 
metal contained 
in the pillar 
in Ibs. 


377-77 
386-98 
396-19 


’ | 
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| | Mg 
whe 3 Value of w breaking weight 
= ~ = & pied = 
| - 
12 5°75 25°04 1S7-62 193.08 165.96 16°49 
4 iz 5875 4625 2851 199-41 505-11 174-19 
wor 12 tir 475 211-66 517-13 182-57 17-30 | = 
12 575 45 25-04 20 17-55 
12 5-875 4-625) 24-51 21 17-98 
2 6 | 13-40 | 
i | 12 575 | 45 25-04 16-81 | 
58875 4625 2451 17°23 | 
| i2 6 4:75 17-62 
5 
4 | Now Fixed. 
Calculated 
the | breaking weight 
| in tons from 
ul | formula | 
tis 12 5°75 | 45 25-04 6-01 
the 12 4-625 24-51 6°25 
| 6 4°75 24° 6-48 
ued 
vith 12 575 45 | 25-04 8-17 uh 4 
ver 12 5875 4-625 24-51 8-51 
12 6 475 | 24: S88 
ess 
ha Irrecn- tatin 
l. sti h q 
j Per «q. incl 
1() I2 |5°75 | 7.09 2-38 Ts 
eX- |} 12 | 5875) 4-625 7:38 2:35 
é 
om 12 6° 4°75 768 2°31 
| Calculated 
| breaking weight a3 3 
| in tons in é 
| 12 | 5°75 | 4-5 25:04 63°85 6-84 
13 875 4625 24-51 73°27 7°10 it 
12 | 6: 4:75 24- 7785 7:37 
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oe Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and 
Firmly Fixed. 
2 i 2 Value of w | breaking weight | es 
iv = in tons | in tons from | Se 
= from formula | formula ‘er 
== » 3-55 3-55 
Hey w= 4434 at 
| | | 
125 | | 30+ 117-34 | 420-92 114-05 13-27 | 
| 85 4:25| 27-27 154-23 469-02 142 96 114-93 
The 6 | 475] 25 | 197-47 | | 174-46 16°53 | 
“ 5+ | 3-75! 30 128-09 420-92 | 121-49 | 
5:5 | 4:25) 27-27 | 169-25 469 02 152-36 | 15-91 
6 4°75| 25° 217-71 517-13 185°92 17-61 
5: 3°75 30+ 122-40 | 420-92 117°60 13°69 
| 
“ | 4°25| 27:27 160-03 | 469-02 146-65 15°32 
“ 6 | 475! 25 203-90 178-19 16-88 
Both Ends being Rounded or Irregularly Fixed. : 
! Calculated breaking weight in tons from formula 
125 | 5. 30 37°58 4°37 
“ 55 4:25) 27-27 | 49-66 5-18 | 
Sear: “ | | 4:75) 25 | 63°89 6-05 
v= 13" 
| 5 | 3-75) 30° | 49-83 5 80 
“ 55 | 4:25) 27-27 66-96 6-99 
6 4:75| | 87-47 | 8-28 
Mean Breaking Weight from the above results. 
Flat Ends and Firmly Round Ends or Irregu- Ratioof 
A bs, Fixed. larly Fixed. |Strength 
| Pillar. | Per #q. inch, Pillar, | Per aq. inch. 
125 | 375) | 13-70 43-70 | 5-08, | 269 
« | 555 4-25 27:27 47:32 15°39 58°31 609 242 
« | (475) 25 | 17952 | 1700 7568 | | 237 
eee Both Ends being Rounded or Irregularly Fixed. 
} | | | metal contained | tons 
ati in lbs. eg — d¥ 
125 | 3-75! 30 335-92 42-73 4-97 4 
“ 425) 27-27 374-31 56-46 | 5°89 
“ 6 «4:75! 25 412-70 | 72.63 | 6-88 
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Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and 
Firmly Fixed. 


| 


Strength per «q.ineh | 


Calculated 
Value of w j breaking weight 
in tons ° in tons from 
from formula ‘ formula 


feet. 
diameter 


in inches. 


3-55 3-55 
vo 


Internal diameter 
contained in the 
length or height. 
of section in tons. 


of Pillar 
Number of diameters 


99°58 372-81 97-90 12 86 
130-40 414-91 122-52 14:47 
166-43 457-00 149-37 16-01 
p36 | 
30-66 | 108-06 372:81 103 92 13-65 
27-94 | 142-23 414-91 130-15 15-37 | 
| 25°67 182-39 457-00 158-72 17-01 
| W = 42017 Lies | 
| 30-66 | 10387 | 372-81 100-98 13-27 
5 27-94) 13531 114-91 125-73 14-84 
| 25°67 | 171-90 457-00 | 152-64 16 36 


= 445 


Both Ends being Rounded or Irregularly Fixed. 


Calculated breaking weight in tons from formula 


36 486 


w=13! 


| 
| 


é | 30-66 31-71 
19375 3°6875 27-94 41-74 
5°375 4°125 | 25°67 53.52 
w=132 
| 
| 30°66 41°26 | 54s 
27°94 55-2 | God | 
| 


25°67 71-87 
Flat Ends and Firmly | Round Ends or Irregu- Ratio of | 
Fixed. larly Fixed. Strength 


Mean Breaking Weight from the above results. 


Pillar, Per sq. inch. Pillar. 
30°66 100-93 14°57 | 3648 
27°94 126°13 14°89 48°47 
25-67| 153°57 1646 | 62-69 


Both Ends being Rounded or Irregularly Fixed. 
Calculated breaking 


Weight in tons 
from formula 


| 
} 

Calculated weight of 

metal contained 

| in the Pillar w= 14-78 
| in Ibs. ui 
6 


| 
115 (3:25 | 30-66 | 273-73 36-05 
| 4-9375' 36875 27-94 | 304-63 47-45 
| 5375 |4°125 | 25-67) 335-54 60-85 


section in 


tons 


Strengtn per 


aq. inch of 
o~ 
cow 
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‘<4 
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“ 
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| | Ae 
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Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and 
Firmly Fixed. 


=¢ 
Zc E | eet Value of w in tons breaking weight 
2: = from formula in tons from 
125 | 45 27-27 131-07 384-84 120-18 
4°75 “ 104 37 295-85 94-64 
“ 5: “6 73°84 202-04 66°19 
a 5°125 47-10 153°33 50-87 
5°25 “ 39°15 103-42 34°69 
Both Ends being Rounded or Irregularly Fixed. 
Calculated breaking 
we he n tone 
from formula Flat Ends from the Rat 
| above results, Strengtt 
w 1 
es - 
12:5 55 4:5 27°27 120-18 2-10 
“ 4°75 45-71 94-64 2-07 
“ 32-49 66-19 2-03 
125 25-15 50-87 2-02 
“ “ 5-25 17°31 34-69 2-00 
Both Ends being Flat and Firmly Fixed. 
| | | Calenlated breakin 
| | } Value of w in tons s weight in tons 
| from 1 from formula 
| | wa — 
| 4:9375, 3-9375 27-94 | 111-61 341-55 103-65 
41875 “| 92°36 263°37 83°91 
“ “ 44375 63-76 180-39 57:78 
45625, “ | 4941 137-10 44-49 
“ (46875 | 34-04 92-60 30°45 
Both Ends Rounded or Irregularly Fixed. 
Calculated breaking 
weight in tons 
from formula Flat Ends from the Rat 
above results, Strength 


Taking the mean diameter of 
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a diminishing or tapering pillar to be 


the correct rule, then according to Mr. Hodgkinson’s formule for the 
breaking weight of hollow uniform cylindrical pillars of cast iron with 
flat ends and firmly fixed, and with rounded ends or irregularly fixed, 
we have the breaking weight for each of the pillars referred to in the 


Pemberton Mill as follows; 
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On the Strength of Iron and Timber Pillars. 


Flat Ends and Firmly Reunded Ends or Irregularly 
Fixed. Fixed, 


Calen lated bre 
weight in tons 


from formula 


Caleulated breaking 


Weight in tons 


from formula 


wee4iht 


rnal diameter in inches. 


gth per square 


of Strength. 


t 


External diameter in inches. 


Inte 


1689 87-76 
14-93 66 96 
14-46 65-21 


Weight. 


49 66 518 3-06 


| 
64-44 25 287 
41-74 4-9: | 


The following communication and accompanying diagrams have 
been forwarded to me by CuanLes MerraM, Esq., Architect and Civil 
Engineer, 429 Broadway, New York :— 


Wm. Barson, Esq., Architect and Civil Engineer, Chicago, Ill. 

Frienp Bryson :—At your request, I send you a diagram of my mode of construc- 
tion of Pillars for large Buildings when weight is to be carried and vibration sustained 
—I have also laid down the construction of the “Pemberton Mill” from the dlagram 
you sent me as Fig. 6. 

I give you five figures of my construction. Fig.1, the dowel or pintlec,is movable and 

ite from the pillars a and pn as in the mé// construction, so as to be easily at all 

es handled in setting. The end which is in connexion with the pillar a forms a 

ket joint, the shoulder of same resting ina line of bearing with the pillars a and pn, the 

n connexion with the pillar s, forms a socket joint in itself and receives the end of 
lar Bin a secure manner. Figs. 2 and 3 have their dowels p as part of the pillars a a. 
. 2 has a socket joint in connexion with the pillar n,the same as Fig. 1. Fig.3 has 
one shoulder at its connexion with the pillar p, and dowel pb, yet it will be seen 

t it is held securely in its place, and in direct line of bearing. 

The Figs. 4 and 5 are of somewhat the same construction with the exception of the 

s d, which are light and therefore easily handled. In Fig. 4 the chair furms the 
t joints for the pillars A and np. 

In Fig. 5 the chair d forms only one socket-joint, which is for the pillar n, and is se- 
cured by a bolt to the head of the fixed dowel p of the pillar a. 

The letters p and e refer in all cases to wood girders and beams, and the letter a to 
the flooring of the same material. 

You will see from the diagrams 1 to 5 that the line of bearing is carried up in a ver- 
tical line, that no pillar or dowel is out of the line of bearing, which I consider of vital 


importance, also that the cores in all run straight through the pillars, which is not the 
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For the approximate Breaking 
Ww = 
w=13 | . 
| Br. 
w ac 
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case in the “Mill” pillars atoo. The caps of Figs. 1 to 5 form a shoulder or bearing 
for the girders p, while the dowels ¢ and p pp» pass through in the usual manner. 

In the construction of the “Mill pillars’ to my mind there are many fatal and dan- 
gerous points which I will point out to you, although I am quite confident your own 
practical eye has long before this detected. In the first place, let us look at the Fig. 6, 
and what must strike the mind of any practical person is the total disregard of the laws of 
gravity in its whole construction. I have dotted the line of bearing, which will be seen 
to pass inside the pillars a and ». As the dowel c¢ has to sustain the weight of the 
load on the pillar s which rests on the cap plate 4, at which point it stands clear of any 
direct line of support from the pillar a. In the next place the base plate ¢ receives the 
pillar p, and here the load is 1} inches outside the direct line. And lastly, the cap of 
the pillar A at oo to my mind is weaker than any other part of the pillar. It must be admit. 
ted by all that castings of this kind are not at all times perfect, and any imperfections at 
the part 00, which may or may not have been the case in the “Mill” construction. 
Yet from this formation it must be considered as the most likely parts to give out or frac- 
ture in case of any settlement or sudden fall of any heavy weight, which is most likely 
to have been the case when we take into consideration that none of the pillars were turned 
off, only chipped off by hand. In this way the whole load of one entire tier of pillars 
and the section of the building depending on them may have rested on one square inch or 
much less. Yet I cannot divest my mind in examining the section of Fig. 6 at 00 how 
neglectful those in charge were either from inattention or from inability of the knowledge 
of the operation of gravity, as all mechanical perfections of scientific building is the re- 
sult of a clear and perfect knowledge of the operations of gravity, and from the ability 
to direct their course in the weight or downward tendency of the materials and the ac- 
tive force of such a building as the Mill. 

It may be hard to trace to any one person solely the cause of the fall of the building. 
Yet it is quite clear that pillars of such pattern were wholly unfit for such a structure, 
even admitting the castings to be perfect. Ist. Why were the Pillars not turned off so 
as to fit close together in every part? 2d. Why was the pillar p, 14 inches outside of 
the line of bearing of the dowel c? 3d. Why was the dowel ¢ put standing in the cen- 
tre of the cap plate b, solely and wholly depending on this plate for support? And lastly, 
why was the core of the pillar A made so at ovo? 

It may be that the contractor for the iron work had this pattern by him, and used it 
without giving it a moment's thought, and lo! for want of that moment’s thought, what 
sorrow and desolation it has caused to many a poor family, not to mention the horrid 
death of most of its victims. 

You must have met such patterns as Fig. 6; [ know from myself that there aremany 
and made solely in order to save iron. 

Yours, most faithfully, 

May, 1862. Signed. 


(To be Continued.) 


Cuas. Merram. 


Tensile Strength of Iron.—At the end of the ease of iron manu- 
factures from the Round Oak Iron Works of Lord Dudley (332 Lond. 
Exhib.), is a piece of cold rolled plate, having a sectional area of one 
square inch, that was tested at the government dockyards, and was 
found to support the enormous strain of upwards of fifty tons before 
it broke. This inch bar of iron would have supported a greater weight 
than that of 700 persons. —Jntellectual Ubserver, June, 1862. 


¥ 
& 
> 
Ay 
fe > 
: 
haa 
J 
2 
x 


DIAGRAM OF METTAM’S MODE OF CONSTRUCTION OF PILLARS. 
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For the Journal of the Franklin Institute. 

On Surface Condensers. By Mr. SEewett. 

Extracts from the Steam Log of the Steamer John L. Stevens, of the Pacific Mail Line, 

The steamers Sonora and John L. Stevens, of the above named 

line, owing to the surface condensers giving out (the tubes being of 

but 16 oz. copper), they were run for a time with the jet condensers, 

using salt water only. 

The following is from the steam log of the John L. Stevens, taking 

five trips with and five without the surface condensers: 


With Surface Without Surface 


Condenser. Condenser. 
Whele running time, 63 days 6 hours. 64 days 144 hours. 
Coal consumed, 2009 tons, 2191 tons. 
Oil expended, 302 gallons. 630 gallons. 
Taliow, 205 ibs. 625 Ibs. 


Difference in favor of Surface Condenser. 
In time, P 1 day 84 hours. In oil, . , 328 gallons. 
coal, P 182 tons. tallow, e 420 Ibs. 

The condenser used was too small, and furnished but one-half, or 
one boiler out of two with fresh water. If the supply had been full, 
twice the above saving would have been realized, making the saving 
in coal 18 per cent., and the increase in the speed of the vessel more 
than four per cent. 

The following is a comparison of the practical operation, and of the 
powers required to work the air-pump, when connected with a surface 
and with a jet condenser ; 

To condense steam and form a vacuum in the condenser of a steam 
engine, the heat in the steam must be extracted or absorbed. This is 
done by bringing it in contact with a suflicient quantity of cold water 
or cold metallic surfaces. 

In the jet condenser the steam is mixed with the condensing water, 
which absorbs the heat contained therein, and from which the boilers 
are supplied. If salt water is used to condense the steam, the boilers 
are supplied with the same. 

In the surface condenser the condensing water is made to pass or 
flow through thin metal tubes by a small pump or other device, under 
a pressure of from 1 to 2 Ibs. per square inch, which takes less than 
one per cent. of the power of the engine to operate it. 

The steam is not mixed with the salt water as above, but is admit- 
ted to the outer surfaces of these thin metal tubes, which absorb the 
heat and condense it into pure fresh water. This water is taken by 
the feed-pump at each stroke of the engine, and returned to the boil- 
ers, and being the exact quantity taken from them in the steam, is 
the exact quantity necessary to keep them supplied, and which insures 
greater safety than when the supply of water depends upon the labor 
and danger of neglect of a water tender, serious accidents having oc- 
curred from such neglect. 

The quantity of water necessary to condense a certain quantity of 
steam varies as the temperature thereof, the colder the water the less 
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quantity is necessary, being from 15 to 45 times that contained in the 
steam. 

Ordinary water contains a certain quantity (said to be 5 per cent.) 
of atmospheric air. With the jet condenser this is admitted with the 
water to condense the steam, but being permanently elastic is not con- 
densed, but expands into a large volume in the vacuum space, and 
impairs the vacuum. All this has to be discharged by the air-pump 
against the pressure of the atmosphere of some 14 to 15 Ibs. per 
square inch, 

In warm climates large quantities of water are necessary, owing to 
its high temperature, and a proportional large quantity of air enters 
with it, and requires a large air-pump to discharge it. To relieve the 
engine of this enormous load, it is found to be of advantage to use 
less injection water to condense the steam, and consequently get less 
vacuum; the loss of power from this cause being less than when the 
air-pump is overloaded. 

This air and water is not admitted into the vacuum space of a sur- 
face condenser; only the water contained in the steam (being only 
from ,'sth to 4th part that required above) is to be discharged by the 
air-pump ; consequently a very much smaller one is sufficient to obtain 
as good and generally a better vacuum. There is a larger cooling sur- 
face exposed to the steam, the condensation is more instantaneous, 
and the maximum vacuum is sooner formed at the end of each stroke 
of the engine. 

The power to work the air-pump independent of the friction, varies as 
the quantity of water discharged by it. In middle latitudes, with a mo- 
derate temperature of the water used to condense the steam, the power 
required to operate the air-pump is allowed to be 10 per cent. of the 
power of the engine when attached to a jet condenser. 

From the foregoing it will be seen how much less power is necessa- 
ry to operate the air-pump when connected with a surface than with 
a jet condenser. If but one-half is saved, it is 5 per cent. of the entire 
power of the engine. 


Estimate of the value of the gain referred to. 

Ist. As before stated, less power necessary to work the air-pump, 
2d. The heat lost in the hot water blown out to keep the boilers 

even partially clean, 
3d. The heat lost by incrustation on the fire surfaces, in some 

cases more than 20 per cent., 
*22 per ct. 
4th. A higher pressure of steam may be used and a greater benefit 

obtained by expansion. 


Where the losses named above are prevented or saved, less coal and 
boilers (and less water in them) will exert the same power, requiring 
fewer firemen and coal trimmers, thereby saving in the daily expenses 
of the vessel for coal, wages, and food. 

If a certain vessel with a jet condenser requires 1000 tons of coal 
per trip or voyage, with a surface condenser 800 tons will exert equal 
power. 

Vou. XLIV.—Tuinp Series.— No. 5.—Novemper, 1862, 30 
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And if the displacement of the vessel is 25 tons per inch of immer- 
sion, she will draw 8 inches less of water, not counting the saving in 
weight of boilers and water, and drawing less water will make greater 
speed (as shown by the John L. Stevens), and accomplish the distance 
in less time. 

Boilers using salt water burn less fuel when new and clean, than 
when some time in use and covered with incrustation: they also re- 
quire great labor to clean them. With fresh water they are always as 
clean as when new. 

_ From the foregoing, what is lost by using salt water in the boilers 
1S apparent. 

The result, as shown in the steam log of the steamer John L. Ste- 
vens, is taken from the actual practical operation at sea, during a pe- 
riod of 64 to 65 days steaming, with each kind of condenser. ‘The 
boilers were only half supplied with fresh water, and only one-half 
the benefit was realized that would have been if fully supplied. More- 
over, the engines labored under the disadvantage of having to operate 
two air-pumps, one of which had to discharge all the water used to 
condense the steam against the pressure of the atmosphere, taking at 
least 5 per cent. of the power of the engine more than with a close 
plan of surface condenser. Yet with all these disadvantages there was 
a saving of nine per cent. of fuel, and a gain of more than two per cent. 
in the speed of the vessel. 

There are boilers using fresh water that have been in constant ope- 
ration from 15 to 20 years, requiring but little repairs during that 
time. 

Extra Cost of the Condenser.—V essels fitted with two engines have 
two air-pumps. When a surface condenser is attached, one is sufficient 
as an air-pump, the other to make the water flow through the tubes. 
This pump, as before stated, works against a pressure of but 1 to 2 
Ibs. per square inch, instead of against a pressure of 13 or 14 lbs. per 
square inch when used with a jet condenser. The other pump, although 
used as an air-pump, has less than one-fourth part of the labor it would 
have if used with a jet condenser, having only to discharge the water 
contained in the steam. 

By this arrangement there is no extra cost for pumps, but only for 
the tubes and tube sheets for the condenser proper ; and as less boiler 
will exert the same power, the saving in cost will partly pay for the 
extra cost of the condenser. 

In ordinary business transactions 20 per cent. is considered a fair 
profit, but the owner of a steamship using salt water in the boilers 

ays for and carries in his vessel one-fifth or 20 per cent. more boilers 
(and the additional water contained therein) than is necessary. 

He also pays for each day the vessel is steaming for 20 per cent. 
more coal than is necessary to exert the same power. 

This extra coal is not only wasted, but it requires additional fire- 
men and coal trimmers to take it on board and get rid of it, besides 
taking up the freight room, and making the vessel draw more water, 
thus lessening her speed. 
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Momentum and Vis Viva. By D. Woop, Prof. Civ. Eng. University 
of Michigan. 


When we consider that eminent scholars have taken different views 
upon the measure of the force in a moving body, it is not strange 
that students, while yet in the elements of mechanical science, should 
be at a loss to know whether the force varies as the velocity or as the 
square of the velocity. They do not see why the momentum does not 
express the force as well as the vis viva; or they fail to distinguish 
between the nature of these two forces; or they do not get a very 
clear conception of either. 

It is not my purpose in this article to enter into a discussion of the 
measure of force, but to try to show clearly to students, the nature of 
the above named forces by showing the office which each performs in 
the same moving body. 

Vis Viva, sometimes called “living force,”’ is a mere conventional 
term to express the product of the mass of a body multiplied by the 
square of its velocity. It bears a direct relation to the work which 
the moving body is capable of doing; being just double the work. For 
whatever be the work which it does or is capable of doing, we know 
that the same amount of work may be expended in raising a weight 
through a sufficient height. 

Let w = the weight. 

h =the necessary height. 
M = the mass of w. 
v = the velocity required in falling through h. 


Then it is well known that WA =the work done. But from the law 

72 
of falling bodies, v= / 2g h, or h= 
= }uv*. 


But M v?= the living force; hence the work which a moving body is 
capable of doing is one-half the living force, or vis viva, of the body. 

To work is to overcome resistance ; hence a body may move and do 
no work. The fact that it has mass and moves, is evidence that it is 
capable of doing work ; and if it changes its velocity it either performs 
work or has work expended upon it. 

The force which is stored in a moving body, is a force of inertia; 
hence it is equivalent to the force which would cause the body to move 
From a state of rest to a velocity V, when free to move without any re- 
sistance. We see then that when a body is moved against any resist- 
ance; as air, water, or friction; that the force which would give the 
body a velocity v, may be divided into two parts; 1st, that which di- 
rectly overcomes the resistance of the air, water, and the like; and, 
2d, that which overcomes the inertia of the body; and it is by know- 
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ing the terminal velocity and the mass that we are able to tell the 


amount of resistance (in lbs. feet) that the body would overcome with- 
out applying to it any additional force. 

Before developing this idea further, let us turn our attention to the 
subject of momentum. Momentum is also a conventional name for the 
expression MV. If we were permitted to call it a force, we would say 
that it is also a force of inertia. It is also called ‘* quantity of mo- 
tion ;”’ for by knowing the masses of two bodies, elastic or non-elastie, 
and the velocity of one before impact, we can find their velocities after 
impact ; bodies being supposed to be free to move. 

Now in order to show the oflice which each performs in moving bo- 
dies, let us take a few examples. 

Suppose two perfectly non-elastic bodies of equal mass (and conse- 
quently of equal weight) move with equal velocities in opposite diree- 
tions ; what will be their condition after impact? 

Now because their momenta are equal, we know that they will de- 
stroy each other’s motion, and hence so far as their motion is concern- 
ed they will be in a state of rest. And this is all that we can determine 
from the principle of momentum. It relates to the motion of the 
masses. But as a fact we know that before they came to rest there 
was a compression of the two bodies, and hence work was done. The 
amount of this compression depends upon the vis viva of the two bo- 
dies. By momentum we decide that the bodies will come to rest, 
whatever be their velocities, provided that they are equal ; by vis viva 
we decide that the amount of compression is directly proportional to 
the square of the velocities. }/s viva pertains to compression, or more 
generally, to the displacement of particles in respect to each other; 
hence it is sometimes called the penetrating power. 

Suppose that the bodies are perfectly elastic; then without any 
knowledge of the principle of vis viva, we decide that the bodies will 
have equal velocities after impact, but in opposite directions. By vis 
viva we know as before, that the amount of compression is proportion- 
al to the square of the velocities; bat on account of the elasticity the 
vis viva (or work) is all restored, so that there is no loss of vis viva in 
perfectly elastic bodies. 

Suppose the bodies unequal, non-elastic, and move in opposite di- 
rections. 

Suppose A weighs 200 Ibs. and has a velocity of 2 feet, 
required their condition after impact. 

With regard to the motion of their masses, they will come to rest; 
for their momenta are equal ; being 200 x 2 =20 X 20 = 400 lbs. feet. 

But the vis viva of A is proportional to-200 x 22= 800, 

B 20 X 20? 8000’; 
hence B performs 10 times the labor of A in producing the compres- 
sion of the two bodies. This at first may appear paradoxical ; but two 
considerations will enable us to make it clear. 
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Ist, It is possible for one body to do all the labor of compressing 
both bodies; thus, suppose one body moves against another at rest. 
Now the body at rest has no vis viva (or work) stored in it, but the 
moving body has; hence it performs all the work of compression. 

2d, In the example under consideration ; if A can perform 10 times 
the labor of B; then A would penetrate a clay-bank 10 times as far as 
B; if the bodies were of equal size: now how can this be if they de- 
stroy each other’s motion by impact? 

I think the difficulty disappears at once by observing that a has 10 
times as many particles to bring to rest as B; and hence B must per- 
form 10 times the labor of A to bring them to rest. 

It is worthy of notice that if the momentum of two bodies are equal, 
then their vis vivas are inversely proportional to their masses. For we 
have MV = M’ Vv’; 


Substituting this value v in the expression for the vis viva, gives 


mw’ 
M _M 


It is well known that if the impact of two non-elastic bodies takes 
place while they are moving in the same direction, their momentum 
after impact is the same as before, but there is a loss of vis viva. Now 
this loss is expended in compressing, or otherwise disfiguring the bo- 
dies. 

Other illustrations might be given, but I trust that these will throw 
some light upon the dark points which may have arisen in the mind 
of some reader. 

In the last example I said that the vis viva of A is proportional to 

200 200 

200 x 2?; but the true value is —— x2? = 5. 

Many writers use the weight for the mass too frequently, thereby pro- 

ducing slight confusion. By making such free use of it, the student is 
at a loss to know when it is necessary to use the mass, 


2?; and similarly for 3. 


On the Difference in the Properties of Hot-Rolled and Cold-Rolled 
Malleable Iron, as regards the power of receiving and retaining 
Induced Magnetism of Subpermanent Character. By GuorGE 
Airy, Esq., F. R.S., Astronomer Royal. 


The author states that he had been desirous of examining whether 
differences in the degree of change of subpermanent magnetism, such 
as are exhibited by different iron ships, might not depend on the tem- 
perature at which the iron is rolled in the last process of its manufac- 
ture. By the good offices of Mr. Fairbairn he had received gratui- 
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tously from Richard Smith, Esqy., Superintendent of Lord Dudley’s 
Iron Works at the Round Oak Works near Dudley, twenty-four plates 
of iron, each 16 ins. long, 4 ins. broad, and + inch thick; twelve of 
which, after having been manufactured with the others in the usual 
way, had been passed through rollers when quite cold. Each set of 
twelve was divided into two parcels of six each, one parcel being cut 
with the length of the bars in the length of extension of the fibres of 
the iron, the other being cut with the length of the bars transverse to 
the length of extension. 

For experimenting on these, a large wooden frame was prepared, 
capable of receiving the 24 bars at once, either on a plane transverse 
to the direction of dip at Greenwich, or on a plane including the di- 
rection of dip. In some experiments, these planes were covered with 
flag-stones, and the bars were laid upon the flag-stones ; in others, the 
bars were laid immediately upon the wood. While there lying, they 
were struck with iron or wooden hammers of different sizes. The bars 
of the different classes were systematically intermingled, in such a way 
that no tendency of the arms to give blows of a different force or kind 
in special parts of the series could produce a eclass-error in the result. 
For examination of the amount of polar magnetism in each bar, it was 
placed at a definite distance (5 inches) below a prismatic compass, which 
was used to observe the apparent azimuth of a fixed mark; the bar was 
then reversed in length, and the observation was repeated in that 
State. 

The number of experiments was 21. They were varied by differ- 
ence in the succession of positions of the bars, difference of time al- 
lowed for rest, difference in the violence of the blows, Ke. 

The principal results appear to be the following :— 

1. The greatest amount of magnetism which a bar can receive, ap- 
pears to be such as will produce (on the average of bars) a compass- 
deviation of about 11°, the bar being 5 inches below the compass. It 
was indifferent whether the bars rested on the stone or on wood, or 
whether they were struck with iron or with wood, the bars lying on 
the dip plane while struck. 

2. When the bars, thus charged, lay on the plane transverse to the 
dip, they lost about one-fifth of their magnetism in one or two days, 
and lost very little afterwards. 

3. When the charge of magnetism is smaller than the maximum, 
the diminution in a day or two is nearly in the same proportion as for 
the maximum. 

4, The effect of violence on the bars, when lying on the plane trans- 
verse to the dip, is not in all cases to destroy the magnetism complete- 
ly, sometimes it increases the magnetism. 

5. The Cold-Rolled Iron receives (under similar violence) or parts 
with (under similar violence) a greater amount of magnetism than the 
Hot-Rolled Iron, in the proportion of 6 to 5. 

6. There is some reason to think that the Hot-Rolled Iron has a 
greater tendency to retain its primitive magnetism than the Cold- 


Rolled Lron has. 
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7. There is some reason to think that, when lying tranquil, the 
Hot-Rolled Iron loses a larger portion of its magnetism than the Cold- 


Rolled Lron loses in the same time. 
Proc. Boyal Society, May 15, 1862, 
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Proceedings of the Stated Monthly Meeting, Oct. 16, 1862. 


J. C. Cresson, President, in the chair. 
John Agnew, Vice President, ) P 


resent. 
Isaac B. Garrigues, Recording Secretary, jf 


The minutes of the last meeting were read and approved. 

Letters were read from the Royal Geographical Society, London. 

Donations to the Library were received from the Royal Society, 
the Royal Geographical Society, and the Statistical Society, London ; 
the Canadian Institute, Toronto, and the Natural History Society, 
Montreal, Canada; William Bryson, Esq., Chicago, Illinois; the Re- 
gents of the University of the State of New York, Albany, N. York; 
the Commissioner of the U. 8S. Patent Office, and Frederick Emme- 
rick, Esq., Washington, D. C.; Edward F. Moody, Esq., and Thomas 
C. Clark, Esq., Camden, and William H. B. Thomas, Esq., Mount 
Holly, N. J.; Jaeob Maas, Esq., Prof. John C. Cresson, Prof. John 
F. Frazer, George M. Conarroe, Esq., and the Société Francaise de 
Bienfaisance, Philadelphia. 

A donation to the Cabinet of Minerals, Xe., was received from Capt. 
Jabez Jenkins, Elizabeth City, New Jersey. 

The Periodicals received in exchange for the Journal of the Insti- 
tute, were laid on the table. 

The Treasurer’s statement of the receipts and payments for the 
month of September was read. 

The Board of Managers and Standing Committees reported their 
minutes, 

‘Twenty-five resignations of membership in the Institute were read 
and accepted, 

Candidates for membership in the Institute (6) were proposed, and 
the candidates (2) proposed at the last meeting were duly elected. 


Mr. IH. Howson exhibited specimens of the Hibiscus Moscheutos in 
various stages of manufacture, and made the following remarks ; 

[ had the honor of submitting tothe Members of this Institute some 
months ago, several specimens of a fibre similar to, but of a much 
more crude character, than those now before the meeting. 

The fibre constitutes the outer covering or bark of the stalks of a 
North American perennial plant, of the order Malvaceae, known as 
the Hibiscus Moscheutos, or Palustris—the plant as well as the fibre 
having received the name of American Jute; although the term may 
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be considered inappropriate, for the reason that the Jute of the East 
Indies is the production of the Cochorus Olitorius, or Cochorus Capsu- 
laris, neither of which plants has any relation to the order Malvacew, 
anil for the further reason that the fibres of the Hibiscus are not so 
liable to become deteriorated by exposure and washing in alkaline 
leys as those of the Jute. 

The utility of the fibres of this plant was brought to light by Mr, 
W. J. Cantelo, who, during the last three years, has been actively en- 
gaged in examining and testing the peculiarities of plants indigenous 
to the Northern States, with the view of discovering a fibre available 
as a substitute for linen rags in the manufacture of paper, for hemp 
in the making of ropes, matting, &c., and as a partial substitute for 
cotton in the manufacture of textile fabrics. 

A patent was granted on May 15th, last, for the utilizing of the 
fibres of the Hibiscus Moscheutos, and this patent is now owned joint- 
ly by Mr. Cantelo, the discoverer, and his assignees, Messrs. Stuart 
& Peterson, the enterprising stove and hollow ware manufacturers of 
this city. 

These gentlemen, aided by Mr. Cantelo, have during the last eigh- 
teen months been actively engaged investigating the subject, and pro- 
secuting experiments with the view of determining the properties of 
the plant, the strength and value of the fibre, the requirements de- 
manded for its proper cultivation, and the amount of fibre which can 
be obtained from one acre of ground. 

The proprietors of the patent are now prepared to lay before the 
public the satisfactory and highly important results of their very care- 
ful experiments. 

The Hibiseus Moscheutos, is indigenous to the Northern States, and 
grows in abundance in swampy lands of Pennsylvania, New Jersey, 
New York, Xc.; in the marshes of Burlington County, New Jersey, it 
is especially abundant. 

In its natural state, stalks of the plant, when at their full growth, 
are from five to six, and even seven feet high, and vary from a quarter 
of an inch to five-eighths of an inch in diameter. The number of stalks 
from one root vary from eight to sixty, and eighteen stalks of an aver- 
age size will produce four ounces of disintegrated fibre. 

An acre of marsh land, in the neighborhood of Burlington, N. 
J. was ploughed, and seeds of the “ Hibiscus Moscheutos,”’ spread 
along the furrows on the 28th of April last. On examining the lanil 
in September the ground was found to be thickly studded with seed- 
lings, of which the drawing produced at the meeting represents a 
specimen. It should be understood that little or no care was taken 
to weed the ground, and to give that attention to the young plants 
which will be advisable during their first growth. 

It had been discovered by previous experiment that on cutting one 
of the stalks one season, a dozen or more would take its place the 
next, and that the plants would require no attention after the first 
year’s growth. As to any liability of the plants becoming deteriora- 
ted from the ravages of insects, it was found that in no instance could 
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any marks of insect depredations be observed on the stems, leaves, or 
roots of the plant. 

The next point to be ascertained was the amount of fibre which 
could be produced from an acre of ground, planted with the /ibiscus 
Moscheutos. 

This has been determined by a close observation of the plant in its 
natural state, and by weighing the fibre taken from a number of stalks 
of average dimensions. At a moderate calculation, and taking into 
account the probability of loss from unforeseen causes, three and a half 
tons of disintegrated fibre can be derived from one acre of ground, 

Another important point decided was the facility with which the 
fibre or bark of the stalks could be separated from the pith. 

It was discovered that this could be done with ease and rapidity, 
even without the aid of machinery, which can be readily applied to 
the purpose. 

The bark after being detached from the pith is at once removed to 
a very simple apparatus, invented by Mr. Cantelo, when the bark is 
reduced in a comparatively short time to the disintegrated fibrous con- 
dition shown by the specimens exhibited, the fibre in this state being 
ready for the market, either for conversion into rope, or for paper 
stock. 

As to the value of the fibre it has been declared by experienced rope 
manufacturers to be far superior to Manilla hemp or Jute, the speci- 
mens of rope exhibited being fully equal in strength and pliability to 
ordinary hempen rope. 

‘Two prominent paper manufacturers of this city have estimated the 
fibre to be worth $100 per ton, to be used as a substitute for linen 
rags in the manufacture of paper. 

The utility of the fibre as a substitute, or partial substitute, for cot- 
ton, woolen, or flax, in the manufacture of textile fabrics, has not yet 
been fully tested, but I am satisfied that the members present will, after 
an examination of the specimens before them, be convinced that the 
utility of the fibre is not limited to the making of rope and paper, but 
that itis admirably adapted to the manufacture of many textile fabrics. 

When we take into account the fact that fibre of the value of at 
least three hundred dollars can be derived from one acre of ground; 
that the ground necessary for its growth is of such a swampy charac- 
ter as to be unfit either for the cultivation of ordinary farm produce, 

r for grazing purposes ; that the plants require no attention after 
the first year’s growth, but, unaided by any chemical or mechanical 
appliances, present a yearly supply of sts alks ready to be converted 
into fibre ; when we consider the hardihood of the plant and its free- 
dom from the ravages of insects, we must admit that the greatest 
credit is due to Mr. Cantelo, that his discovery is of the greatest im- 
portance, as it opens new avenues for the exercise of agricultural, 
mercantile and mechanical pursuits, and tends to the utilizing of the 
swampy deserts, with which our Northern States abound. 

I am anxious, Mr. President, that the members present should un- 
derstand that the specimens of fibre have been prepared without the 
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aid of any complex machinery or elaborate chemical apparatus—the 
appliances which the inventor has called to his aid being of the most 
simple character. 

The samples of rope were made by hand; the maker asserting that 
had they been made by the usual machinery the rope would have been 
of a much superior character. 

Although the specimens are most satisfactory, and are sufficient to 
convince the most skeptical observer of the importance of the dis- 
covery, its value will necessarily be still further developed by the aid 
of appliances which may be demanded by the preparation of the fibre 
on a large scale. 

The attention of Mr. Cantelo has not been confined to the fibres of 
the Hibiseus Moscheutos alone. Few plants in this and the neighbor- 
ing state of New Jersey have escaped his searching investigation and 
his elaborate tests. 

He has discovered that the plant next in importance to the Hibis- 
eus as regards its fibre-bearing qualities is the Abutilon Aricenne, 
an annual, readily cultivated, and hitherto considered a useless weed, 
The fibres of this plant, a specimen of which I submit for inspection, 
are of a silky character and extraordinary strength. 

The utilizing of the fibres of the Adutilon, as well as the disinte- 
grating process alluded to, form subjects for further applications for 
patents. 

In conclusion, I would remark that a company is about being or- 
ganized for the cultivation, or I should rather say planting, (as culti- 
vation, in the ordinary sense, is unnecessary,) of the Hibiscus Moscheu- 
tos, and the preparation of the fibres for the market, the proprietors 
of the patent to be the principal stockholders. ‘The members present 
will be satisfied that success must attend the efforts of an enterprising 
company who follow up with energy the prosecution of this important 
invention or discovery, which has been developed with such praise- 
worthy zeal by Mr. Cantelo and his assignees. 


Mr. Howson also exhibited a Camera Obscura invented by Mr. G. T. 
Kolb, of this city. The camera consists of an ornamental box, on one 
side of which are the tubes holding the lenses. In the opposite side 
is an oblong opening surrounded by an eye tube placed at such an 
angle that the operator can see the bottom of the box, on which is 
placed a sheet of paper. By a suitable arrangement of mirrors the 
image is reflected on the paper in an upright position instead of re- 
versed, as is usually the case in portable cameras. The reflected 
image can be easily traced with a pencil upon the paper by introducing 
the hand through an opening at the side of the box, a loose apron 
hanging over the opening and the arm to exclude the light. 


G. L. Witsil’s machine, for agitating and mixing substances, was 
also exhibted by Mr. H. The apparatus consists of a vessel in which 
revolve, in opposite directions, two spiral rods, one spiral being right- 
handed and the other left-handed. The currents produced by the re- 
yolutions of the spirals cause a thorough agitation and admixture of 
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the contents of the vessel. This mixer is exceedingly useful for mix- 
ing dough, clay, and other plastic substances, also for beating eggs. 
It may also be used as a churn. 


Mr. Jones exhibited a diagram of an improved Oil Cup invented by 
Chief Engineer Wood, U.S. N. In an oil cup of the usual form is 
secured a tube which surrounds the opening in the bottom of the cup. 
The oil is deposited on the bearing from the cup by a syphon, the 
longer leg of which is placed in the tube, the shorter end extending 
beneath the surface of the oil. When the machinery is not in opera- 
tion the syphon is lifted out of the tube and placed in the cup, where 
it is always at hand ready for use when required. 


Mr. Howson exhibited G. G. Custer’s improved Coal Oil Lamp; in 
which a reservoir containing a supply of water is situated immediate- 
ly below the perforated air chamber of the lamp, so that the steam 
caused by the heating of the water will mix with the air and impinge 
against the base of the flame, rendering the latter clear and brilliant, 
and preventing the disagreeable odor which is usually emitted by these 
lamps while burning. 


Coal Oil Lamp, invented by Mr. Mowry, was also exhibited. The 
peculiarity of this lamp consists of two curved and perforated projec- 
tions, so situated in respect to the burner that they tend to spread the 
flame and cause it to burn with brilliancy, and unaccompanied with 
smoke, in the absence of the usual chimney. 

Mr. Ilowson remarked that great attention had been recently paid 
by the ingenious to the construction of coal oil lamps, and that great 
credit was due to Mr. Merrill, of the firm of Warner, Miskey & Mer- 
rill, of this city, for the many ingenious, simple and effective improve- 
ments made by him, many of which had been exhibited at meetings 
of this Institute, a number being upon the table. 


A Spring Governor, for steam engines, patented by Messrs. Evans 
& Jenkins, of this city, was exhibited. This governor is so construct- 
ed that the force applied to overcome the rigidity of the spring is trans- 
mitted through a leverage, constantly increasing as the rigidity of the 
spring increases, thereby so equalizing the action of the spring that 
the operation of the governor will be uniform under all circumstances. 


Mr. A. B. Davis exhibited a weighing scale for iron manufacturers. 
By the arrangement of a series of levers, which can be alternately con- 
nected to and detached from the platform at the scale, the proper quan- 
tity of each article required in the manufacture of iron may be mea- 
sured without altering the position of the weights upon the beams; 
one beam being reserved for each ingredient. 

Another advantage obtained is that the weights may be secured to 
the beams in the proper position, and the case containing them locked 
up, the proportions of the ingredients used being thus kept secret from 
the workmen, while small pins secured to the beams and projecting 
through slots in the case, show when the beams are raised. 
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